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1. Introduction

1.1. Purpose
’ This report' describes the findings of the Algorithm Analysis Subtask
group working on the U.S. Army Intelligence Center and School (USAICS) Software

~

Analysis and Management System task (USAMS) regarding geographic transformation
algorithms used in four of the intelligence~gathering systems under USAICS
cognizance. In this report a set of parameters is developed to characterize
and catalogue intelligence system algorithms in four specific systems. Indivi-
dual algorithms are analyzed to determine whether they are performing their
functions properly. Algorithms that perform the same function in different
systems are compared to determine which ones are best according to various

criteria.

The algorithms examined in this report are taken from the MAGIIC,
Guardrail, Trailblazer, and BETA systems. They were chosen from the approxima-
tely 31 deployed intelligence systems for which USAICS is Combat Developer
because their documentation was quickly accessible and because they represented
a range of algorithm applications., Geographic transformation (mapping) algo-
rithms were chosen for this report since all four systems contain position

location/description functions and many of their algorithms are unclassified.,

N\

1.2. Background

Each of the about 41 intelligence systems under USAICS cognizance
employs several types of algorithms to carry out its gathering and processing
of intelligence data. Two important types of these algorithms, geographic
transformation and correlation, have been chosen for analysis during this year.
The former translates grid zone locations, for example, from latitude-longitude
to Universal Transverse Mercator (UTM), while the latter resolves many indivi-
dual sitings into militarily recognizable targets based chiefly on standard
statistical procedures, It is important to develop a set of parameters to
characterize these algorithms so that how they should be catalogued can be

'Two additional reports will be submitted in FY82: a correlation analy-
sis report and a report on possible algorithm analysis methodologies.




determined., When these activities are completed, it becomes possible to com-
pare algorithms that perform the same function in different systems.

To begin this process, the JPL Algorithm Analysis Sub-task group has
examined the geographic transformation algorithms for four of the 41 systems,
namely The Mobile Army Ground Imagery Interpretation Center (MAGIIC), Guard-
rail, Trailblazer, and Battlefield Exploitation and Target Acquisition (BETA).
These four systems chosen for more detailed study represent several intelli-
gence data analysis functions, MAGIIC is a ground-based analysis system to
assist in interpreting hard-copy images from different airborne surveillance
systems, including a capability for computerized mensuration on imagery; it can
aiso receive and analyze data from Tactical Electronic Intelligence (TEREC)
collection systems and provide emitter location estimates. Guardrail uses
airborne sensor platforms to collect data on Direction Finding (DF) emitters;
extensive ground-based software is then used to estimate the location of the
units, such as command posts, associated with these emitters., Trailblazer also
uses DF data to estimate emitter location, Its sensor platforms are essential-
ly fixed and ground-based. BETA is a Test Bed program for correlating data
received from several types of sensor systems and making target nominations.
Both automatic correlation and aggregation techniques and interactive graphics
are used in the operator's.analysis. These systems would generally be
employed at Division or Corps level or at an Air Force Tactical Air Control
Element (TACE) or Allied Tactical Air Force (ATAF); target nominations and
tactical situation reports would be available to commanders and their staffs
from Brigade through Echelons Above Corps (EAC).

USAICS has cognizance of a large number of algorithms integral to
intelligence~-gathering systems in various stages of development and deployment.
The state of "deployment” of algorithms in the USAICS inventory ranges from
that of products of research contracts not yet implemented in any system to
those in fielded systems such as Trailblazer or Guardrail. 1In the latter
systems the algorithms are documented in design documents (narrative English
and equations), and/or in machine readable design language, and in code. Often
not all of these forms of documentation are available for any one system. For
resezrch algorithms not yet implemented actual code, or even detailed flow
charts, may not be available; thus analysis must rely solely on mathematical
descriptions,

-2-




"Algorithm" means any set of rules for carrying out a single concep=-
tual operation on a set of data, such as transforming latitude~longitude co-
ordinates to UTM or determining a position from a number of direction measure-
ments taken at known points." Algorithms are often hierarchical, lower-level
algorithms often being used to describe higher~level algorithms and thereby
illuminating their underlying logical structure. Thus, results from one algo-
rithm may be data for another. USAICS i1s interested in algorithms performing
intelligence data processing functions central to their systems' mission and
those performing crucial support functions, such as geographic location, common
to a number of systems. Data management or mathematical function algorithms,
although vital to the efficient functioning of the systems, are not being
treated in these first algorithm analyses,

1.3. User Benefits

These analyses can benefit users in several ways., First, a catalog of
existing algorithms will help USAICS avoid having algorithms redeveloped for
new systems from first principles. Second, analysis of individual algorithms
may, in a few cases, identify deficiencies worth correcting on the next system
revision, Third, and most important, the comparison of algorithms performing
the same function in different systems can lead to identifying guidelines for
developing and/or selecting algorithms to include in new and revised systems.
Selected algorithms from the systems studied will begin to form a library of
intelligence algorithms with associated computer subroutines that will be
analogous to the Collected Algorithms of the Association for Computing Mach-
inery (ACM). The creation of such a library is in the spirit of Ada*, the
Department of Defense language for embedded systems, and Ada's environment,

.'These conceptual models should be describable, although their tech~
nical implementation is often significantly more complicated to present,

*ada is a trademark of the Department of Defense
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2. Analyzing the Algorithms
2.1. Early Steps

Since the Location and Movement Analysis System (LAMAS) system docu~
mentation was available first, our early analysis efforts were directed to that

system, A preliminary analysis of a Shortest Path Algorithm was done anu
modeled in Pascal as an approach to standardizing representations., This algo-
rithm was a variant of Dijkstra's Shortest Path Algorithm,

Later the sponsor decided that our first emphasis should be on the
coordinate conversion algorithms of the MAGIIC, Guardrail, Trailblazer and BETA
systems. Three approaches to this analysis were tried and evaluated., The

i MAGIIC system has been hierarchically analyzed for the interrelationship of the
algorithms, The spheroid models of the Earth's oblateness have been examined

for all the systems, The grid zone generation algorithms have been compared
across all four systems.

2.2. Learning Military Mapping

; To analyze the tirsé type of algorithm required learning the military
:; grid system. This discussion identifies the various map projections and mili-
tary grid reference systems examined and how they are interrelated. The scope
of this discussion is limited to only those map projections and grid reference
systems pertinent to the MAGIIC, BETA, Guardrail, and Trailblazer systems, |

The map projections discussed are the Transverse Mercator, Polar
Stereographic, Lambert Conformal Conic, and the Gnomonic. The grid reference
systems used are the Universal Transverse Mercator (UTM), Universal Polar
Stereographic (UPS), and Military Grid Reference System (MGR)., The selection
of a map projection is based on the properties it preserves in the transforma-
ﬁ tion from a three-dimensional spheroid to a two=-dimensional plane, These
properties include orthogonality of latitude and longitude, equal area repre-
sentation, distortion of shape, minimal change in scale factor in either east-
west or north-south directions, and representation of great circles by straight
lines, Since all map projections are from a spheroid model of the Earth, the
parameters that the spheroid model use are very important. Various spheroid
models are used for different portions of the Earth.




The selection of a grid reference system depends on the portion of the
Earth examined and the resolution desired. The UTM and UPS coordinate systems
were adopted as standards by the military .o minimize coordination problems due
to the proliferation of locally-used grid reference systems. These coordinate
systems are most suitable for the representation of large geographic areas
(greater than 9° in latitude and longitude). The MGR system provides greater
resolution when representing smaller geographic areas (within 100,000-meter by
100,000~meter squares). The MGR system can be overlaid on the UTM and UPS
coordinate systems to eliminate ambiguity due to repetitions of the 100,000-
meter square identifiers. The geographic reference system is simply given as a
longitude-latitude pair. However, this reference system of zones is cumbersome
for representing locations in good resolution. Also, there is an inconsistency
in the form of the coordinates: some applications use decimal degree notation
while others use clock-like representations,

The UTM grid reference system is valid for all longitudes over lati-
tudes between 84° North and 80° South. This area is divided into rectangles of
6° in longitude (zones) by 8° in latitude (bands), except for the 12° band from
72° to 84° latitude. There are 60 zores numbered from 1 through 60 for the
zones from -180° to +180° longitude., There are 22 bands lettered C through X
for the bands from -80° to 84° latitude. There are some subtle irregularities
in this pattern beyond 56° latitude between 0° and 45° in longitude (see Figure
2=-1). The UTM grid reference system is based on the Modified Transverse Merca-
tor projection, but can be mathematically transformed for use with other types
of projections.

The UPS grid reference system is valid for the North Polar (+84°
longitude to the pole) and the South Polar regions (-80° longitude to the
pole). These regions have a grid zone number of zero and consist only of a
grid zone letter that is longitude~dependent, The North Polar region grid zone
letters are Y (Weatern hemisphere) and Z (Eastern Hemisphere). The South Polar
regions are A and B, The UPS grid reference system is based on the Polar
Stereographic projection {(see Figure 2-2).

The MGR grid reference system, illustrated for the UPS system in
Figure 2-2 and for the UTM system i{n Figure 2«3, provides finer resolution than
the UTM or UPS grid reference systems, It identifies 100,000-meter by 100,000~




meter squares by two letters, an Easting letter and a Northing letter. These
letters are sequenced so as to provide at least 18° separation between simi-

larily-~lettered squares (within a given spheroid model area - otherwise the
separation is 9°). These léttering sequences are biased and restarted at the
boundaries of the underlying spheroid models.

These MGR system letter designations may be used without reference to
the UTM or UPS designations when there is no likelihood of ambiguity, otherwise
the UTM or UPS designation is included. Positions within these squares can be
interpolated in tens of meters and are referred to as Easting and Northing

terms representing distances rather than degrees.

The Transverse Mercator projection transforms the Earth's spheroid

onto a cylinder secant to the Earth and perpendicular to its axis. This
projection is used at latitudes within 84° North and 80° South. Scale
linearity is correct at the two meridians cut by the cylinder (6° apart) and
quite accurate in the band formed by them. Because of the vertical linearity

South direction., This projection lends itself well to being overlaid with a
rectangular grid reference system (such as the MGR system).

j this projection is particularily suitable to areas of interest in the North-
i
i

The Polar Stereographic projection transforms the Earth's spheroid
onto a plane tangential to the Earth (at the pole, in our applications). This
projection is used at latitudes beyond 84° North and from 80° South. Scale
linearity decreases and equal area exaggeration increases as the distance from
the pole increases, Latitude-longitude orthogonality is preserved at the
meridian crossings. All circles of latitude are concentric, centered at the
; pole., Thus, this projection is useful for plotting radio waves and air naviga-
tion with a compass,

The Lambert Conformal Conic projection transforms the Earth's spheroid
onto a cone parallel to the Earth's axis and secant to the earth at two lati-
tudes referred to as the standard latitudes, The East-West scale linearity is
correct at the two standard latitudes and is relatively accurate in the band
between these latitudes, The projection preserves direction and shape quite

well within and near the standard latitudes. Hence, the Lambert, Conformal

Conic Projection is best suited to East-West measurements and is useful for air
navigation. Also, all meridians are straight and intersect at the pole. This




projection is most applicable to the mid~latitude region where the cone is
secant to the Earth,

The Gnomonic projection transforms the Earth'’s spheroid onto a plane
tangent to the Earth's at the point of interest. This projection is valid over
all latitudes and longitudes., It has the quality of representing all great
circle arcs on the projection as straight lines. Since electromagnetic waves
travel the shortest distance route (great circle arc), the Gnomonic projection
is ideally suited for the presentation of direction-finding lines of bearing,

2.3. Representing Algorithms in Standard Form

To compare algorithms across systems, all algorithms analyzed must be
translated into a standard format. Algorithms in the systems analyzed had been
coded in such diverse languages as assembly and structured FORTRAN so that
translation into a common Higher-Order Language (HOL) became essential to
searching for common and diverse features. Publication ALGOL was seen as an
attractive candidate because it has been used in the collected algorithms of
the ACM for algorithm description., However, audiences outside the Applied
Mathematics, Numerical Analysis, and Computer Sciences communities are general-
ly unfamiliar with ALGOL; and compilers for ALGOL 60 or ALGOL 68 are not
readily available in this country.

Pascal, an ALGOL-like language, has been chosen for the primary repre-
sentation language for the algorithms because it has many of the properties of
ALGOL (structure, strong typing, etc.), it has become familiar to a wide aud-
ience, and high quality compilers are available on many computers including the
Digital Equipment Corp. VAX and many microcomputers with CPM operating systems.
The last point is important because the VAX will be used by both USAICS and
JPL, and the microcomputers are similar to the word processors and personal
computers at JPL and USAICS. Among the features of Pascal that contribute to
its clarity are the command structures, such as "if-then-else" and "case", and
the user-~defined data types. However, separate compilations of procedures to
support hierarchical descriptions of algorithms are an implementation-dependent
extension rather than a basic feature of the language. Because of this and
other problems Pascal provides at best an interim solution to the algorithm

description problem,

J
!
|
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Ada offers a long-term solution, The Ada language avoids many of the

shortcomings of Pascal and has many additional features. A stronger reason for

using Ada is that the Army 1s likely to require all new saystems initiated after
1984 to be programmed in it. While no complete compiler for Ada is currently
available, there is an interpreter on the project VAX computer, although it is
very slow. A compiler for an incomplete implementation available on Z80=-based
microcomputers with CPM operating systems is also available. Although this
compiler is not completely satisfactory because of the lack of user-defined

types, it is still useful for some simple examples and for comparison with
Pascal.
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3. Characterizing and Cataloging the Algorithms

The set of properties stored for algorithms in the database should
characterize an algorithm for military application purposes without requiring
that the algorithm itself be retrieved and examined. The algorithm property
selection is influenced by the following ways the database will be used. The
user may wish a general summary of what algorithms are in the database., A more
likely use is to look for algorithms that perform a specified function, such as
position location. In another dimension, the user may ask "What algorithms do
we have in MAGIIC?"., Cataloging properties should be independent for efficien-
cy of description. Two of the properties chosen, performance and robustness,
are not totally independent. Requirements performance is interpreted here as,
"does the algorithm do what it says it does?". Lack of robustness is inter-

preted here as failure for special value or failure because of small errors in
input data, Range checking of input variables is an important contributor to

robustness, This is particularly important if the algorithm is to be used for
more than one system where the calling programs can not be expected to protect
it.

The Algorithm Level Help File; (Figure 3-1) taken from the Acquisition
and Database Entry Prompting Tool (ADEPT) User's Guide, is examined and inter-
preted as a means for describing the present classification scheme, This
information is provided for each system in which an algorithm is implemented.
This set of parameters is likely to change as more experience is gained with

its use,

Examples of PSA reports are shown in Appendix 7.1.
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Fig. 3-1: Algorithm Level Help File

NAME is a name description of the algorithms function.

SYNONYM is

the algorithms abbreviation (the same as its VAX file

element name).

SOURCE:AUTHOR is the document from which the algorithm was taken and

PROCESSING

MATH:FIELD

ROBUSTNESS

TREE:LEVEL

author, if known,

is what JPL has done with the algorithm, e.g. Pascal pro=-
gram tested.

is what mathematical field the algorithm is based on, e.g.
least squares.

is a measure of sensitivity to values of variables input to
the algorithm, e.g. a transformation algorithm may produce
an incorrect result with inputs of + 180° longitude,

is a rough indication of location of the algorithm in the

hierarchy of algorithms in a system.,

REQUIREMENTS/PERFORMANCE Since the requirements documents for parti-

cular algorithms are generally not available, requirements
must be derived from design documents or comments in code.
This item describes how well the algorithm meets these

requirements,

REFERENCE is a pointer to the VAX file containing the representation

of the algorithm in standard form: Pascal and in some cases
Ada. (These are given in Appendix 7.3).
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4. Algorithms in MAGIIC

The MAGIIC System Lambert Constant Generation algorithm waz analyzed
and modeled in Pascal. This algorithm is required for analyzing and modeling
the Geographic to Lambert/Polar Grid and Lambert/Polar Grid to Geographic

conversions.

The MAGIIC system coordinate conversions were studied, and two inter-
related algorithms were analyzed and modeled in Pascal. These were the Polar
Grid to UPS and Northing and Easting to UTM conversions., Several inconsisten- é
cies have been noted (perhaps only because of the *echnical writing). Modeling ‘
these interrelated algorithms in Pascal led to the decision to use a non-
standard Pascal feature - the VAX Pascal external procedure capability. This

was considered necessary to best maintain structural integrity, accuracy and
clarity in the algorithm representation.

4,1. MAGIIC Lambert Constant Generation Algorithm
The MAGIIC Lambert Constant Generation Algorithm, described in docu-~ 1

ment CG1081004, dated 23 October 1978, paragraph 3.2.119, page 210, has insuf-
ficient input parameters and a lack of detail on setting the hemisphere flags

to implement the algorithm in Pascal without making several assumptions, If we
assume the availability of the underlying spheroid parameters, the Lambert
Constant Generation Algorithm performs satisfactorily. The hemisphere flag
issue remains unsettled: are they north-south hemispheres, east-west hemi-
spheres, or both? - all three selections make sense in different contexts,

This algorithm has been modeled in Pascal on the VAX computer for
uniformity of presentation and for comparison and analysis., All assumptions
are included in comments in this Pascal representation (see Appendix 7.3).

4.2, An Interrelated Set of MAGIIC Coordinate Conversion Algorithms

There are a set of four interrelated coordinate conversion algorithms
for MAGIIC that warrant a consolidated discussion because although they are
pair-wise reciprocal and criss-cross "call" each other, their input and output
paraneteré are specified inconsistently. These algorithms viewed as reciprocal
pairs are:
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1. Polar Grid to UPS (paragraph 3.2.118) reciprocal
2. UPS to Polar Grid (paragraph 3.2.117) reciprocal
3. Northing and Easting to UTM (paragraph 3.2.86) reciprocal
4, UTM to Northing and Easting (paragraph 3.2.85) reciprocal

They can also be viewed as "criss-cross" calling algorithms as

follows:

1. Polar Grid to UPS (paragraph 3.2.118) each calls the
other

2. Northing and Easting to UIM (paragraph 3.2.86) each calls the
other

3. UPS to Polar Grid (paragraph 3.2.117) each calls the
other

4, UTM to Northing and Easting (paragraph 3.2.85) each calls the ‘J
other

Analysis of these algorithms and their interrelationships has revealed
the following inconsistencies:

1. the Polar Grid to UPS algorithm should have an output list con- |
sistent with the UPS to Polar Grid algorithms input list since R
they are reciprocal functions. The lists are not consistent;

2. the Northing and Easting to UTM algorithm and the UTM to Northing
and Easting algorithm, similarily, have inconsistent output and ;
input lists;

3. 1in both of the above cases the same problems are true when the
algorithms are used in the "criss-cross call® sense.

These points will be discussed in greater detail below in the indepen-
dent analysis of the four algorithms,
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4.,3. MAGIIC Polar Grid to Universal Poiar Sterographic Algorithm

The MAGIIC Polar Grid to Universal Polar Sterographic (UPS) Algorithm,
described in document CG1081004, dated 23 October 1978, paragraph 3.2.118, page
209, fails to produce the correct output data.

This algorithm first determines if the UPS or UTM grid reference
system is applicable based on the input grid zone designation. The algorithm
that handles the UTM conversion is discussed as part of the Northing and
Easting to Universal Transverse Mercator conversion algorithm (paragraph 3.2.86
of the previously referenced document).

In an attempt to render this algorithm amenable to analysis and model-

ing in Pascal several assumptions have been made (based on our interpretation
of the composite of various inferences from paragraph 3.2.86, .87, .117, .118).
These assumptions are:

1. The input/output lists consist of decimal and integer numbers, and
alphabetic letters., There are no wholesale conversions of the
input/output lists from and to ASCII representation,

2., The input/ocutput lists are exchanged with the Northing and Easting
to UTM algorithm for processing, when the input grid zone letter
is from C thrugh X (not ir either polar region). Otherwise, this
algorithm performs the processing (for the polar regions).

The following discussion only treats the UPS coverage area where a
conversion from PS to UPS should be made, This conversion is handled within
the Polar Grid to Universal Polar Sterographic conversion algorithm (paragraph
3.2.118). This algorithm is defective in producing disallowed 100,000 meter

squares letter pairs,

The North Polar Area (2 84° N) and South Polar Area (> 80° S) are
referenced using the UPS grid zone reference system with the grid zone number
set to zero followed by one of the grid zone letters A, B, Y, or Z. Letter
pairs represent the 100,000-meter squares which overlay the grid zone designa-
tions, It is in the lettering of these squares that this algorithm fails,




The descriptions of how to obtain the Easting letter Lp from the index
Ip and the Northing letter Ly fron the index Iy are merely statements that the
functions should be performed without any details. Perhaps an elaborated
description of the details of these functions would lead to satisfactory con-
versions, if these details were furnished.

4.4, MAGIIC Northing and Easting to Universal Transverse Mercator Algorithm

The MAGIIC Northing and Easting to Universal Transverse Mercator (UTM)
Alorithm as described in document CG18100A, dated 23 October 1978, paragraph
3.2.86, page 156, appears to produce the correct output data on the UTM map
segment available for reference., It will certainly fail in grid zones 31V,
32X, 34X, and 36X and should be further evaluated.

This algorithm first determines, whether the UTM or UPS grid reference
system is applicable based on the iput grid zone designation, The algorithm
that handles the UPS conversion is discussed as part of the Polar Grid to
Universal Polar Sterographic conversion algorithm (paragraph 3.2.118 of the
previously referenced document),

In an attempt to render the algorithm amenable to analysis and to
model in Pascal several assumptions have been made (based on our interpretation
of the composite of various inferences from paragraph 3.2.8, .87, .117, .118).
These assumptions are:

1. The input lists consist of decimal and integer numbers and alpha-
betic letters. There is no wholesale conversion of the in .ut
list to ASCII representation. The output lists are entirely in
ASCII representation,

2. The input/output lists are exchanged with the Polar Grid to UPS
algorithm for processing, when the input grid zone letter is not
from C through X (for the polar regions). Otherwise, this algo-
rithm performs the processing (for the non-polar regions).

Only the conversion to the UTM coverage area, that is, the actual

r conversion handled within this Northing and Easting to Universal Transverse
Mercator conversion algorithm (paragraph 3.2.86), is discussed here, This
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aagoritha is defective in producing grid zone designation 31V, which should be

truncated at 3° E, and the three non-existent grid zone designations 32X, 34X,
and 36X.
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5. Comparing the Algorithms Across Systema
5.1. Spheroid Models

Because the Earth is not a perfect sphere, it is modeled as a sphe-
roid. Since this underlying spheroid model of the Earth's oblatness spans most
of the coordinate conversion algorithms, the use of various spheroid models was
investigated for all four systems, It was found that twelve different spheroid
models were used among or in the four systems raising the possibility of
inconsistencies that may hamper inter-system communication., Of these spheroid
models five were used in common by all four systems. The remaining seven
spheroid models were not available in all systems, as illustrated in Table 1.
Some of these partially-shared spheroid models may be equivalent, but this
cannot be determined until the code is available for all four systems.

5.2, Grid Zone Generation

The Grid Zone Generation algorithms were analyzed for the MAGIIC,
Guardrail, Trailblazer, and BETA systems. The Guardrail Grid Zone algorithm
text description is consistent with the Trailblazer text description and com-
puter code. The MAGIIC text description differs from the Guardrail and Trail-
blazer descriptions and would tend to produce less efficient runtime code, but
would economize memory. All three of these systems' algorithms would produce
the same flawed results, except BETA which fails badly at the upper latitudes.
These three versions of the Grid Zone Generation algorithm have been modeled in
Pascal.

The BETA Grid Zone Generation algorithm handles details of grid zone
generation more completely. The grid zone number calculations handle input

longitude beyond -180° and at 180° and beyond whereas the three other systems

would fail. The grid zone letter calculations handle the special conditions of |
grid zone truncation for grid description 31V and the non-existence of grid f
designations 32X, 34X, and 36X

Pascal implementations of these algorithms are given in Appendix 7.3.
The underlying assumptions are given in the comments included in the code.
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5.3. MAGIIC Grid Zone Generation Algorithm

The MAGIIC Grid Zone Generation Algorithm as described in document
CG108100A, dated 23 October 1978, paragraph 3.2.90, page 167 has been analyzed
and found to handle the following five areas incorrectly:

1. the upper limit of longitude (180° E),

2. the latitudes > 80° N (considerably below the upper limit, 84° N),

where it provides erroneous data,
3. the truncated grid zone 31V,
4, the non-existent grid zones 32X, 34X, and 36X,

5. the regions beyond the stated longitude and latitude limits, where
it fails catastrophically.

In géneral, perhaps due to technical writing, there are many errors of
omission and/or commission where the criteria for certain algorithm parts are
left unstated; for example, a text states, "If the latitude is 84° north or
greater, or 80° south or greater, the grid zone number (sic) shall be set to Y
or Z or to A or B, respectively. The grid zone number shall be set to zero.,"
5.4. Guardrail Grid Zone Generation Algorithm

The Guardrail Grid Zone Generation Algorithm as described in document
ESL-TM928, dated 15 Septemer 1979, paragraph 16.6.2.1, page 16-192 fails in
five areas:

1. at longitudes equal to and beyond 180° E and beyond 180° W,

2. at latitudes equal to and beyond 80° N and beyond 8° S,

3. at the truncated grid zone 3IV,

4, at the non-existent grid zones 32X, 34X, and 36X,
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5. beyond the stated longitude and latitude limits, where it fails
catastrophicaly.

5.5. Trailblazer Grid Zone Generation Algorithm

The Trailblazer Grid Zone Generation Algorithm is described in the
well-commented ROLM assembly language listings. This algorithm, extracted from
the code for the GP2UM subprogram dated 20 February 1981, fails in five areas:

1. at longitudes equal to and beyond 180° E and beyond 180° N,

2. at latitudes equal to and beyond 8°0 N and beyond 80° 4,

3. at the truncated grid zone 31V,

4, at the non-existent grid zones 32X, 34X, and 36X,

5. beyond the stated longitude and latitude limits,
Because the hierarchical program structure is not yet available for Trail-
blazer, it is possible that some or all of these problems are handled adequate-
ly in higher levels of the program structure.
5.6, BETA Grid Zone Generation Algorithm

The BETA Grid Zone Generation Algorithm, described ir dgcument SSgz-~
43, Appendix IV, page II-4T4 for the ADSONU subprogram, and page II-4ST for the
ADSCCM subprogram, was in Structured FORTRAN with in-line coding. The
"INCLUDE" subprogram ZDBPRO was missing so some "reasonable" assumptions were

made about it.

This algorithm performs as apecified and effectively handles the
following:

1. Grid zone wrap-around (longitudes >180° W or > 180° E),

2. North and South Polar Regions (latitudes > 84° N or > 80° 9),
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3. Truncating grid zone 31V,

4, The non-existent grid zones 32X, 34X, and 36X.
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Table 5-1: Inoonsistent Spheroid Usage
(X = spheroid model used in the system)

Spheroid Model System Iechnical Manual
BETA MAGIIC GR TB TM241-1

Clark 1866 X X X X b ¢

International X X X X X

Clark 1880 X X X X X

Everest X X X X X

Bessel X X X X X

Australian X X X X

Walbeck X

Fisher X

Krasovsky X

World Geodetic X X

Airy ‘

Malayan

Reference 1 2 3 4

1. DD2642, dtd 20 Feb 81, pg 263

2. CG18081004, dtd 23 Oct 78, pg 168
3, ESL-TM929, dtd 15 Sep 79, pg 15-158
4, TM32-5811-022-10-0




6. Discussion and Conclusions

6.1. Documentation of Algorithms

Only a design document has been available for the MAGIIC system; and
the code has not been available, as shown in Figure 6-1. Therefore, some of
the apparent deficiencies in the algorithms may be due to poor technical writ-
ing and may not exist in the code itself. For the Guardrail system, tapes
containing code have been available, but the printouts obtained to date have
been largely unreadable so that suppositions made from the documentation could
not be confirmed from the code. Ir the case of Trailblazer, code is available,
but the structured overview expected from documentation is not available,

6.2. Similarity of Functions Across Systems

The functions performed by the geographic transformation algorithms
are found to be basically the same across the four systems examined, although
the functions are implemented in slightly different ways.

6.3. Incompleteness of Algorithms for Global Applications

The MAGIIC, Guardrail, and Trailblazer transformation algorithms do
not account for all the vagaries of the military grid system. Only the BETA
algorithms account for all regions and boundaries. The former systems may
ensure that "bad" arguments are never passed to these algorithms, so that no
anomalies would occur in overall system performance. However, to develop a
library of algorithms shared by many systems requires that algorithms internal-
ly protect themselves from "bad" input data.

6.4. Robustness of Algorithms

All systems but BETA fail to check for limits of latitude and longi-
tude, This may arise from a common tendency to focus attention on certain
areas of the world, e.,g. Western Europe. This tendency is especially inappro-
priate when developing software that may well outlive any given political or
geographical constraints.
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6.5. Selection/Consolidation of Algorithms

The BETA grid zone generation algorithm is superior to those in the
other three systems. Selection of a spheroid model for the library is not
possible on the basis of the presently available data and may eventually re-
quire developing algorithms based on our experience with many different
systenms,




Fig. 6-1: Documentation of Algorithms
System Docupentation Code Avajlable Compments
MAGIIC Yes No Bad technical writing:
(Barely usable) Errors of omission and
bad-quality copy. Por-
tions of some pages un-
readable., TEREC task
similar to Guardrail.
Guardrail Yes No Multiple Tasks:
Good Glimpses of code Program structure

Trailblazer No
Not separately
published, but
basic documenta-
tion included at
the beginning of
each code segment
BETA Yes
Good

appear to be
structured FORTRAN;
most sections are

missing

Yes

assembly

Yes
Comprehensive
Structured
FORTRAN

26~

"implied®™ by document's
structure. Flowcharts
with verbal descrip-
tion. At least one
significant technique
covered by math desc~
ription only, entirely
included in one box at
the flowchart level.
Well commented code.
Many similarities to
Guardrail.

Program structure
explicitely included

in documents, Some
"key" charts not read-
able due to photo
reductions, Code is
in-line commented from
Program Design Language
(PDL), but we don't
have the PDL

i
i
)
i
i
4







7.1. Database Entries and Products (PSL/PSA)

The three attached PSA Reports were found to be useful to our analy-
sis. The first report is essentially the PSA Report representing our PSL input
data descriptions. The second is the PSA Data Activity Interaction Matrix. It
shows the interrelationships between the algorithms and their input (R) and
output (D) data items. The third is part of the PSA Structure Chart and is in
indented hierarchy chart for the algorithms in our PSL database,
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T.2. Algorithm Hierarchy Charts




Structure Rerort

26 HG_PRIFTLET ---cwocommnnans - \
24 MG_RMSTARGLOC --------=- -.- i
23 WG.FRECPTFLE ---~--- -
22 MG-NAVCORN .
21 MG_LAMBERTCG

20 HG_MAPITIN ===--momomooooo oo T T
19 MG_LORANCNV --- ) o ‘

18 MB.IJCOORDCNV ~--

17 MG_RNSINVTL -------
16 MO_ITINVTL -----

1S MG.PB2UPS --=~----- B

14 MB.NE2UTH —==--cmmceomommcooon
13 MG.UTM2NE =---- e emememm-
12 MB_FRAMSRCH ~c-c=coec-cccaaco-
11 MG_NE2GP ----- —mmmmm—————— —

10 MG_GRDZONECNV ---m~ev—c-——ce---
9 MG.GP2L/PG ~---

5 MG.BUILDSKTCH -~-==-cmmeec=- -~
4 MB_GENSPHERE ----=---~
3 MG.IITARGLOC --
2 MG_BUILDCD ~===-e=---

1 MG.Alsorithas -----=---- ~———m——

MG_Aldgorithas ---
MG_BUILDCD -~---
MG_IITARGLOC -~
MG.BENSPHERE --~ --
MG.BUILDSKTCH -====r=ee——

MG.IIFLMITZN ----
MG_MAPCUR2NE -~

MB_NE2BP ===ccccaccccccas
MG.FRAMSRCH ~--~-
MB.UTM2NE --===--
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MG_PG2UPS -

1
1
i
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o
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w
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'
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|
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MG._PRECPTFLE ==-=o-- m—m——m———— ) \
'

!

+

[

I

i

MG_RNSTARGLOC ---ccnmmen-
MG.PRIPTDET <cccmecamacacunaea } B
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MG_PROXSRCH ~----
MB_STEROHOHT ~e-cmmeecmmmncaee | »
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«
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w
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w
]
L]

11+




Version AS.2R0O

Utilizes Matri

2 M6.BUILDSKTCH ---

t
1
7 MB.NAVCORN ~-~-ecccc—cocccccoa i
1
|

SEMANTIC-MAP-TEST
27 KG.NEZMAFCLR -==--mommmmoeeees ’
26 i16. RMSTARGLES ~==-=-~mmmmmoomn Y

&5 MG_LAWABERTIS =mm---vmmemcomme

24 MG_FG2UFS

23 HG_NEQUTM -~

22 MG_RMSINVTL
21 MB_ITINVTL ==-omcmmmmeommemoann

20 WE_UTMZNE ===mmmmmmmmemmmmmen S
19 MB_BF2L/FG =mmmwmmeemmmenooee . |

A
18 MG_GRBZONECNY --~cc-ccovcan- |
17 MG_NE2GP -~/ b0
16 UG_BP2NE -----—-ccemmmcemne - P20 T T T R A |
[ T S
15 MG_MAPCUR2NE -=--cmeocenecnaao /2 T T O T T
14 MG_IIFLMITZIN --===o-neowo Lt T A N A
13 MG.GENSPHERE ----~----- ~m—————— /200 T T T N T T R A
12 MG.IITARGLOC -----===n-- m————— 20 T T O T T T S R
11 MG.STEROHBHT -------~ ——————eee- /20 T T T T T T T TR R
[ T T T A S (O S R I
10 MG_PROXSRCH ===-=~e-coecccroooo 2NN T S T S R T R A A
9 MG_PRIPTDET --wc---w- R 7 | I T O S T (O S S S R
MG_PRECPTFLE Vot
1 |
| i

1 MG_BUILDCD ---=~eoocen —mmeeee 7 :
11 1 | I S A B t [
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Lt L LR e L oo R

6 MG_GP2NE 1 1 1 u | vu
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8 MB_FRAMSRCH i 1 1 U ut vy
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10 MG_NE2UTH -- t . i 1 i U

- + + B R el LR L

i1 MB_PO2UPS 1 1 1 ! I U
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el At et e D
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Data Activits Interactium Matrix

34 MG_UTM2NE ==--=--=--=--oooonn /
33 HG_UFS2FG ------- s ---

32 MB_STEROHGHT =----=--~-c=-coo- /

31 MG_RMSTARGLOC -=--------~=----=~

30 MG_RHSINVTL =~=====c--=mm—eoen /

29 MG_RMSFLMITIN ~--=---w-m--—ou-

28 HG.RMSCOORDCNY ----- c———-
27 MG_RADNZDEG =-----====-==-um-
26 MG.FROXSRCH ====-=--=eo-emmu- -

e o . r — . = e = - . e e - — e - —

MG_Andle_in_lledsrees/Mins/Secs
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[ & IR YIS B
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1 MG_Aldorithms

2

r4

2

FSAl48iLoor detected

FSA148:Loor detected

-

o

3

3

3

3
3

3

(&}

4

4
3

3

3

3
4

3

4
4
3

4

S

aaan

-
o

I

3

S

aaGa

MG.BUILDCD
MG_IITARGLOC
MG_GENSFHERE
MG.BUILDSKTCH
MG_IITARGLOC
MG_GENSFHERE
MG_IIFLMITZN
MG _MAFCURZNE
MG_GF2NE
MG_GENSFHERE
UG .GF2L/FC
MG.GRDZONECNV
MG_GRDZONECNVY
MG_NE2GF
MG_.GF2NE

MG_GENSFHERE

MG_GF2L/FG

)
b
6 MG_GROZONECNV
M

G_FRAMSRCH
MG_NE2GF
MG_GF2NE
MG.GENSFHERE
HG_GF2L/FPG
MG_.GRIZONECNV
MG_UTM2NE
MG_GENSFHERE
MG_NEZ2GF
MG_GF2ZNE

6 MG_GENSFHERE

MG_GFZL/FG

&
6 MG-GROZONECNY

MG_NE2UTHM
MG.FG2UFS
é MG_NE2UTM

MG_FGZ2UFS
MG_NE2UTHM
6 MG.FG2UFS

MG_UFS2FG
MG_IIINVTL
MG.IITARGLOC
MG.GENSFHERE
MG_GENSFHERE
MG_RMSINUVUTL
MG_.IICOORDCNV
MG-GF2NE
MG_.GENSFHERE
MG_GF2L/FG
MG_GRDZONECNV
MG.NE2GP
MG_.GF2NE
MG _GENSFHERE
MG_GF2L/FG
MG_.GRDZONECNV
MG_UTM2NE
MG_GENSFHERE
MG_NE2GF

(see level 4) - 3Structure truncasted.

(see level 4) - Structure trunceled.

"\



1 MG_Algorithms
2 MG_RUILDCD
3 MG_IITARGLOC
4 MG_GENSFHERE
2 MG_BUILDSKTCH
3 MG_IITARGLQC
4 MG_GENSFHERE
3 MG_IIFLMITZN
3 MG_MAFCUR2NE

F
@aaa

7]
+ b

(&}

o

ES
o O

(4]

6

MG_GF2NE
MG-.GENSFHERE
MG-GP2L/FGC
MG_GRDZONECNV

MG_GRDZONECNV

MG_NE2GF
MG.GF2NE

MG_GENSFHERE
MG.GF2L/FG
MG_GRDZONECNV

G_FRAMSRCH
MG_NE2GF

MG_GP2INE
MG-GENSFHERE
iiG-GF2L/FG
MG.-GRIZONECNV

MG_UTM2NE

MG_GENSFHERE
MG_NEZGF
MG-GF2ZNE
MG_GENSFHERE
MG_GF2L/FG
MG_GRUZONECNY
MG_NE2UTM
MG.-FG2UFS
MG_NEZ2UTM

FSAl68iLoor detected (see level 4) - Structure truncated.

4
S

6

MG.FG2UFS
MG-NE2UTHM
MG_FG2UFS

FSA168!Loor detected (see level 4) - Structure Lruncated.

4
3
4
S
4
3

MG.UFS2FG

MG_IIINVTL

MG_-IITARGLOC
MG-GENSFHERE
MG_GENSFHERE

MG_RMSINVTL

2 MG_IICOORDCNV

3

P-4

MG_.GF2NE

MG_GENSFHERE
MG_GF2L/FG
MG_GRDZONECNV

MG_.NE2GF

MG_GF2NE
MG.GENSFHERE
MG.-GF2L/FG
MG.-.GRDZONECNV

MG.UTM2NE

MG_GENSFHERE
MG_-NE2GF

29-6




.ﬁn-_-q-—--u-n—---uIlun-l-u-u--.,..-...-.--_-_______'“'~_!

] MG_GP2NE
4 MG _GENSFHERE
é MG_GF2L/FG
é MG_GROZONECNV
L) MAG_NEZ2UTM
S MG_FG2UFS
é MG _NE2UTM
FSAl1468iLoor detected (see level 4) - Structure truncated.
4 MG_.FGIUFS
S MG.NEZUTHM
4 MG.FGZUFS
FPSA148:Loor detected (see level 4) - Structure truncated.
4 MG_UF32FG
3 MG_NEZ2UTM
4 MG.FGZUFPS
3 MG_NEQUTHM
FSAléBiLouor detected (see level 3) - Structure truncated.
2 MG_.LORANCNY
3 MG.GENSFHERE
2 MG_MAFITIN
3 MG_LAMBERTCG
2 MG _NAVCORN
3 MG6.IITARGLOC
3 MO _GENSFHERE
3 MG_TIFLHITIN
3 MG_MAF JRTNE
4 MG_GFINT
MG _CENRSFRERE
MG.GFZL,FG
MG_QRGZONITHY
MG.GROZONECHV
MG _NEZGF
MG_.GFINE
MG.GENSFHERC
MG.GFZL/FG
& MG_GRTITONECNY
3 MG_GF2NE
) MG .GENSFHERE
) MG_.GF2L/FG
4 MG_GRDZONECNY
3 MG._NEZQGF
3 MG _GF2NE
MG .GENSFHERE
MG.GF2L . FC
MG_.GRUZONECNV
3 MG_UTM2NE
3 MG_GENSFHERE
4 MG _HE2GF
5 MG_GFTNE
4 MG _GENSFHERE
é MG.GFZL<FG
4 MG_GRUZINECNY
4 MG_NE2UTM
3 MG.FG2UFS
4 MG_NEZUTHM
F3A1468i:Loor detected (see level 47 - Structure truncated.
4 MG.FGZUFS
S MG.NE2UTM
é MG.FG2UFS

3o $
[ B L |

[®]

fs 3«

WG

29-7




FSA148:Loor detected (sve level 4) - Structure truncated.

4 MG_UPS2FPG
3 MG_NE2UTM
4 MG_FG2UFS

S MG_NE2UTM
PSA1468iLoor detected (see level 3) - Structure truncated.
2 MG_FRECFTFLE
3 MG_RMSTARGLOC
2 MG_PRIFTDET
3 MG_.IITARGLOC
4 MG_GENSFHERE
3 MG_IIFLMITZN
3 MG_MAFCUR2NE

(@)

MG.GF2NE
MG _.GENSFHERE
MG_GF2L/FG
MG_GRILZONECNV
MG_GRDZONECNV
MG_NE2GP
MG_GF2NE
MG_GENSFHERE
MG_-GFP2L/FG
MG_.GRDOZONECNV

MG_GF2ZNE

MG_GENSFHERE
MG_GF2L/FG
MG_GRDZONECNV

MG.NE2GF

MG.GF2NE
MG_GENSFHERE
MG_GF2L/FG
MG_GRDZONECNV

MG_UTM2NE

MG_-GENSFHERE
MG_NEZ2GF
MG_.GF2NE
MG.GENSFHERE
MG.GF2L/FG
MG.GRDZONECNV
MG_NE2UTHM
MG_FG2UPS
MG.NE2UTHM

FSAl168:Loor detected (see level 4) - 3Structure truncated.

3
S

6

MG_FG2UPS
MG_NE2UTM
MG.FG2UFS

FSA168'Loor detected (see level 4) - Structure truncated.

4
3
4

=

MG_UFSZ2FG

MG_NE2UTM

MG-FG2UFS
MG_NE2UTM

-4
PSA168:Loor detected (see level 3) - Structure truncated.

3
Yy
S

3

MG_IIINVTL

MG_IITARGLOC
MG_GENSFHERE
MG.GENSFHERE

3 MG_RMSINVTL
3 MG_RMSTARGLOC
3 MG_NE2MAFCUR

117,3/




Py
AR YD)

& b

[&]

r
(7]
+

) B0 B

b

41}

3

4

S

FSA1s3:L
4
5

FSAL1468:L
3

2

4

3
4

Gd W

a

MG_.GFZNE
MG.-.GENSFHERE
MB_GFZL/FG
MG_GRDZONECNV

MG_GF2L/FG

MG _NE2GF
MG_GF2NE

MG_GENSFHERE
MG_GF2L/FG
MG_GRIZONECNV

Xe o0

G.FROXSRCH
MG_MAFCURZNE
MG_GF2ZNE
MG_GENSFHERE
MG.GFZ2L/FG
MG_GROZONECNV
MG_GRIUIZONECNV
MG_NE2GF
MG_GF2NE
MG_GENSFHERE
MG_GF2L/FG
MG_GRDZIONECNV

[ S

0~

MG_GFZNE
MG .GENSFHERE
MG.GF2L/FG
MG _GRODZONECNVY
MGLUTM2NE
MG_GENSFHERE
UG .NEZGF
MG _GFTHE
MG.BENSFRERE
MO GEILSFG
MG_GRLIOWECHY
MG_NE2UTH
MG_FG2UFS
6 MG _NE2UTH
oor Jdetected {(see level 4
MG_FG2UFRS3
MG.NEZUTH
b MG_Fi32UFS
our detected {(see level 4
MG_UF32FG
MG_STEROHGHT
MG_-IITARGLGC
MG_GENSFHERE
MG_IIFLMITZN
MG_ITINVTL
MG.IITARGLOL
MG _GENSFHERE
MG.GENSFHERFE

o~ g O~

.
b

)]

9 - g

Gtructure truncated.

Structure tramcated.




4+ MG_DEGZ2RAD FROCESS
RESCRIFTION:
This aldoritiym converbs andle in desrees/muinutes/secunds
into its ewuivalenl andle in seasled FL o oradisns,
SOURCES: CG108100A/Fart_1
SECURITY: U

RESF FD: JWG

ATTRIBUTE? YAalLUE S
shbreviation lesrers_2_Bilists_~B8lnarsy
lsre.af_source Jocument
Jate_scuurred O IRVE W Sl
rrocessind_done none
mathemalicel . field trisunumelra
Lree.level leaf
reaulitemente rerformence TRU
Aq-r0

S SRR R R it b . .
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5 MG_-GENSFHERE

HESCRIFTION:

KEYWORDS?
SOURCES:
SECURITY?:
RESP FDI

ATTRIBUTE:

FROCESS

This 3ldoritim delermines tile arfropriale srheruld numuer

corresronding

Lo the inrut latitude/lundiiude LY scennling a

wserecially constructed mer database wiich contains the relationshis

betwenrn

aldaorithm
3.2.71
U

JUWG

abbreviation
tyre_of_source
date_acuuired
Frocessind._done
malhemastical_field
Lree_leval

reuiremnents Ferforwsnce

249-1

longitude bands/letitude strirs a3nd srhiervid numbers.,

CG108100//Fart I

Srheroid_Generation
document

'07/G1/827

none

carlodraxhg

leaf

TED

s i< e A




MG.GFZL/FG

DESCRIFTION:

KEYWGORDS:
SOURCES:
SECURITY:
RESF FD3

ATTRIBUTE?

Thiv aldorithm cunverts au

latitude/londitude rair Lo thie eauivalent Lomuert/7olar
northind/eastind coordinate aet.

aldovithm

gt deodraritic cuordinate

grid

3.2.1195 CG10B100Aa/F3rt 1
U
JWG
vAaLUE .

sbbrevistion Leb/Long.2_Lawvert/Folar_Grid
tsre.of.source Jocumenlt
dale_acuuired ‘GTS01/327
Frocessing._done rnone
malhematicoli_Tield corlodraris
Lree_level lesf
reaquirements_~erfoirmanioe THO

29-12

el .




8 MG_GF2NE

NESCRIFTION?

KEYWORDS?
SOURCES:
SECURITY?
RESF FD?

ATTRIBUTE?

aldarithm converls aind inrFuts latitudes

Thie
into its eauivalent norihing and
aldorithm
3.2.83
]
JUWG
VALUE!

sbbreviation
tyre_of_source
date_acuuired
rrocessind_done
mathematical_{ield
Lree_.level
recuirementis_rerformance

29 -3

FROCESS

lungilude rair
eavLing cuurdinave set.,

0
(7]
P
[
[0)]
-

)

J0A/Partll

I

Bevdrasriiic_.2_Northing/Easiing
Jocument
7/01/,827
none
cartograrhy
leaf

TED
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? MG_GRDZONECNV FROCESS
DESCRIFPTION:
This aldoritnm converts inrut londitude 3ud latitude
to UTM/UFS Grid Zone rnumber a3ud luetter. it fails &t the
uprer (clused) limits of bDoth londitude and lolitude.

KEYWORLDS:

aldourithm

SOURCES: 3.2.790 CG108100n/Fart1
SECURITY: U

RESF FD! JUWG
ATTRIBUTE? VALUE:

asbbreviation
Lere_of_source
dale.acquired
~rocessind_done
mathematicel _field
robustness

Lree_level
requirementsi.recrformance
references

29-

1o

Grid_Zouwe_Geuerstion
dJocument

o7/ 91/327

gnsluyzed. Fascslized
carbugesrhnyg

3
legf

generaslls_s3bislactors

"CGWGILRVGZHG,/ MGEZNG




19 MG.L/FG2GF

DESCRIFTION:®

KEYWORLDS:

SOURCES:

SECURITY:!

RESF FD:

ATTRIBUTE?

This algoritihm converts Lawmbert/#solar grid Lnrut

latitude/londitude.

algorithm

3.2.118

c

WG

abbreviation
Lyre_af_sgurce
date_.scuuired
Frrocessing_done
malhematical _field
Lree_level
reguirementls_rFerformence

29-18

coordinates into ecuivalent dSwodrarnic cuuridinaste

gl
()]
fand
O
m
[
<)
O
I

fFPart 1

Lamuwert,/Folsr Sridll Lol Long
document

“57/01/,82°

none

cartodrariy

leaf

TRD




15 MG-LAMRERTCG

NESCRIFTION:

.
2]

KEYWORLS:

o
2

TT

SOURCES:
ECURITY:
RESF FD!

RIBUTE:

Tivis aldoritivm calculates tie Lambert coustasals

g foioed

|
for use wiiih Live Lawbertl/Fulyr Grid Lo UFS =0d Lie UF3 Lu

Lambert/Folar Grid

algoritim

3':0119

(o

JuG

apreviation
tyre_af_s0urce
dale-acuauired
rrocessind_done
methewmatical_Tield
rooustness

- - b
tiree_level

conversion

requivcements_ferformancs

- . e
valeranges

29-/6

<
I-
.s

alsuritiims,

C8108150A/Fart I

Lamiver b oSousbonl _Tene; e Livg
dJocumenl
LT S01.320
snaglsaed/ Fasesiee =l
(KPR TEC SN S

-

.

5

v« A

P -

SR AU R S R
A iy e s
L J“UJLI;_:.I‘(‘«,I_‘.‘




17 MG_MAFCURZNE FROCESS
DESCRIFTION:

Thiw aldoritim converts ani k9 mar cursor #9sition to (bs
eauivalent northing/easling ur latitudes/lunditude cr =713 Lwuowe
number/sletter and sfiherolid outerul coordinste.

KEYWORDS?! sldgorithm
SOURCES: 3.2.87 CG108100A/Fart 1
SECURITY: U
RESF FDY JWG
ATTRIBUTE YALUE S
abboreviation Mo CuUTSor_ 2 iai e s Tl ihis
Lere_of_source document
dJale_acauired 57701827
rrocessindg_dorne none
malhemstical_field certodrsriis
Lree_level middie
rewulrements _rerformesnce T
29-17
-
. e itatie, S PR




20

MG_NE2GF

DESCRIFTION?

KEYWORLS:
SOURCES:?
SECURITY:

(=R

U

RESF

ATTRIBUTE:

Thie a3lsoritinm
into a8 latitude/lundgitude

aldgorithm
3.2.39
U

JWG

soorevigtion
Lsre_of_source
JaLe_scauired
vrocessind.done
mathematical.Tield
Lrea_level
recquirementsorerformance

19-1¢

converts and

310,

ineutbts norbtiilng/esstind

C81081%20Aa/Fart_1

Northingd/Bssling 2 1.

Jocument
‘97751327
nQne
vasrtogrerhns
leaf

TBh

o1

™
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>i MG.NEZMAFPCUR

LESCRIFTION:

This aldorithm converts either nortiing/2astind or
islitude/londitude ur 4rid zone numuer/letier Fairs 1ntu
wRuivalent xy mar 2ursor rosition sa3irs Fur Jdisrlas.

KEYWCORDS: aldorithm
SOURCeS: 3.2.58 COi08100A Fart I
SECURITY:: U
RESF FPUY JWG
ATTRIBUTE: YHLUE S
stbrevislion NoOrtinlug, Eastiimmo s sk _ 70 <o
Lsre.of_squrce Jocument
dJate_acuuired ‘o7 /01/327
~rocessing.Jdone none
mathematicasl field carbusvarng
Lree_level middle
reauirements_rerformance TBU
19-1%
i s ANbA bay % - u‘f—-J




J2 MG_NE2UTM
LESCRIFTION:
KEYWORDS:
SOURCES?

SECURITY S

This
comrosite UTM rair.,

algsorithm

302.86

c

atbreviastion
Lsre_of_source
date_scauired
#rocessind_done
mathematicael_field
tree_level
reauliremnenits_rerformency

29-20

algorithm converts

mortining gud eagstiind L

0
Q)
N

>
[s)]
-
<y
<>

Morithing/cost i

dJocumenrt
“37/91/82°
Srdne
Cattodrarng
leaf

Teh

)
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)
[
m
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As/Fart_l
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1 3 MG.FG2IUFS FROCESS
DESCRIFTION:
Thiw sldorithm converts Fuldr Grid nortiiind/easting
courdinagtes into ecquivalent Universsl FPulaer Slerudrarhic
ur Universal Transverse Mercagtor {(utilizing the NE2UTHM
alsoritiimy.,
KEYWORDS: aslgorithm
SOURCES: 3.2.118 C3108100Aa/Fart 1
SECURITY: U
RESF FD! JWG
ATTRIBUTE? VALUE®
sbborevishion Foler_Grig 2. .UF3
Luwpe_of_source Jocument
dele_scauired TLTSGLS3T
Frocessind_done anslaced/Fascaltied
metiiematicasl_Tield I R YR R o
robustness 3
Lree_level lesl
veauiremenbts_caerformanes Tol
irefTerences ‘LOWOIFGZUFS
o
!
i
A
3
i
1
|
i
29-21 .
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27 MG_RALZLES FRCCESS
BESCRIFTION:
Thnis aldoritinm converts an andle in scaled Fi radians
into an equivslent sndle in dedrees/winules/sSeconds.
SOURCES: CG1081C0A/Fart_1
i SECURITY: U

RESF PL: JWG

ATTRIBUTES VAl UE S
abbreviation Rasdisns.C_Dedrees
tyre_.of_saurce Jocument
date_acauirerd CGTSNL/ZE
»rocessind_done none
mathematical..fizld LrisohivmetT s
Lree_leval leaf
rewutlrementes.rerformsnce TED

19-22




33 MG.UFSZFG

DESCRIFTION:

KEYWORDS:

SOURCES!

SECURITY?

RESF FD?

ATTRIRUTE!

This algoritism converts Universal Foular

equivalent rolar grid coordinates.

aldoritim

3.2.117

U

JWG

sbbreviation

VALUE:

CG1081G0A/Fart_1

UF3_2_Fular.Griu

teyre.of_source document
date_acauired ‘G701 /,327
Frocessind.done rorne
mathematical_field cattodrertig
Lree_lavel laaf
requirements_rerformance TEBL

24-23
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34 MG_UTM2NE FRGCESS
OQESCRIFTION:

Thise aldoritihm converts 8 UTM cuordinele set inio the
eauivalent comrosite novtiiing 3nd essating rsir,

KEYWORDOS: algorithm

SOURCES: 3.2.85 CG1381G0AaFartl]
SECURITY: U
RESF FD?! JUWG
ATTRIBUTES VAHLUE S
sbbreviastion UTM_2_Norlhiins/Eesting
Lesre_of_source dJocument
date.aceuired ST SAN1LS80
rrovessing_Jdone norne
mathematical_.field cartograrhy
tLree_level ieaf
requirementis.r~erformance TED
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100 FROGRAM DrivervbowberivCunvitsnitBunvratiun (INFUTHQUTFUT S
200 { ¥
300 { DriverbbawberLConuvilbaontBunvrsbivg irruvides o vnivirunmsEnt Tur >
400 { DriverLembiertCunstaeniBenersiiun FROCETLURE ¥
300 { Lestind Lhie LombertDonsbsnbbunersiun rrueedure b
600 { ¥
I 700 { InberToces wiblit Liie LawmiserbConslentBuenwralion cruocedare sies ¥
800 { GLOEBAL VARIAEBLES - Evvenibirici uy p
900 { SemimsdorAdis 3
1000 { INFUT FARAMETERS - Lambdul. b
1100 { lLsmisdasr ¥
1200 < Fhil >
1300 { Fill ¥
1400 { Finil ¥
1500 { Fi2 ¥
1600 { DUTFUT FARAMETERS -~ RKetora r
1700 { Toia b
1800 { FrodectivnConeRouiun ¥
1900 { Laswmbysl ¥
2000 { SeuaredEcevnbrivi Ly b
2100 { Humivrizre b
2200 { ¥
2300 { declarstiuns ¥
2400 { >
2500 TYFE
2600 FiRadicus = REAL$
2700 ZzvrulTulne REALS
2800 Flag = {(nuritiervnssuuithivrind s
2700 { >
3000 VAR
3100 Eccentricvity ¢ ZeruTulued
3200 Semimedurinis ¢ REALS
3300
3400 Lambdel t FiRudiunwid
3500 LawmibdiaR ¢ PiRasdlsnsy
3600 Fhil t FiRudiuie?
37090 Fhil t FPiRsiasnsi
3800 Fhitl ¢ FPiRudicnws
3900 Pihi2 ¢ PiRsdiasnss
4000 { ¥
4100 Rarra ¢ REALS
4200 Iots ¢ REANLS
4300 FrodevitivnCoinnzRedius t REALS
4400 LambdaC t FiRadicnst
4500 Suuaredforenbriviiy v ZeruTulnes
4600 Hemiwrhere ¢ OFlads
4700 { >
4800 { 3
4700 FROCEDURE Luwbi2rtCunwiantBenzretbiun
5000 ( {GLOBALY FEucentricity t ZeruTulinies
5100 {GLOBALY SumwiweJduriixis 3 REALG
5200 <INY Lamudel. ¢ FiRodiguss
5300 {IN> LsmibdaR ¢ FiRsuimias
9400 {INY Fhail ¢ FiRedianws
5900 {IN> Fuil ¢ PiLRsdianas
2600 {IN¥ Fhitl V FiRosuianud
9700 SINY Fisi2 t FiRasdiunad
o800 {0UTY VAR Kuiro ¢ REALS
5900 {0UTY VAR Tuts ¢ REALS
6000 {0UT> VAR PFrudeciiunlunvRedius ¢ REALS
6100 {0UTY VAR L.awlieC ¢ PiRwlisnsd
6200 {0UTY VAR SuucrudBEoecenirivity t ZeruTulnes
6300 LOUTY VAR Humishiere v Fleid YIEXTERNS
1c-t
N e s grtar , R




6400 { >
6500 { Prucedure LawberlCunuioniBunersiion wudels Lhie Lawmbert Conetent >
6600 { Generation alsurithm described in rerssreris 362115 o duuument > i
6700 { €6108100u¢ dustwd 23 Quiuiier 1778, >

¢ 6800 { >
6700 { JoW,Gilliw 4-22-82 b
7000 { pJ
7100 { Thits rrucedyre ASSUMES Lieh coertein dabs ore 3vailasule o >
7200 { rewuireu by Ui sludurilime DUl ol deseribued oo forubs 60 Litee >
7300 { refersoce ducumente Tineae dots ore? CuvenbirluviLs b
7400 { Semimsiurnsuiy b
7300 { P
7600 { )
7700 { Tivis sreucedure TGOESMOT wruvrifourm duboe validsiion civschs Livsl g > i
7800 { nol srecified 1n Ll clivritim descrirtiuvn. Tids s Lo slluw Lie > i
7900 { sldoviting Testures Lo b rreesented wore cloeosrlse. >
8000 { ¥
8100 { exevuisules >
8200 { r
8300 REGIN
8400 { >
8500 { eviablicihy GLOBAL varisulasy
8600 { ¥
8700 Fuceniricity v 0404
8800 SemimcJdurasiy t- 18,04
8700 { 3
9000 { eotablich IRFUT FARMMETERSY
2100 { >
?200 Lambdal t= 0.20%
2300 l.ambiJaR t- 0,04
9400 Fhil = 00,1205
2500 Pirib 3 04,04
24600 Fhil 1= 0.08735%
9700 Fii2 t- 0.3735%

wuiio IMFUT PARAMETERS

WRITELNS
WRITELN
WRITELN
WRITELRN
WRITELM
WRITELR
WRITELN
WRITELN
WRITELM

~

setur Evienbriviiy Ju ‘sFuceniriciuers
SuLuie SumimedurAxis L T Bumimasdurtini, )b
selur Lumbdoi. 1% “sLaminiul.) s

tture bamibdsR 1s T sl.ambdaRy

cebur Fiaal ju “yFLLUYS

szt Fivil ia “sPLil) s

ceiurr Fival 1o "sFhial)d s

pubuie FUL2 1s “sFlit2)s

~

. >

LN

~

P N N - e ]

LawbervriCunvtantBeneratbion ( {GLOBALY FouvwenLelciigy
{GLORMLY Semimoauriicisy
{BUT> Lomiadub s
{0UT> LamUiuiuRy
{0UT> FivilUy
{0UTY Fivil
{0UTY Fivily
{0UT> Fihils
{IN Reiriray
{INY Iviay
{INY FrudegeiivuDunueReuiuey
{INY LaemieicCo
{IN> Suugr=dEouenbi it ey
{IRY Hemiviiiere )9

{ lisl wutrui r'c.'t'c-'ﬂebsr*., Trum loed)
o -

-
Y




erer——— —— -~y
o . . A..AA_,__.___'___.._,J_—."J'-M.—W Y 1

12700 { b
12800 WRITELNS

12900 WRITELND ' Rawirad s ' sRsivs))

13000 WRITELHN ¢ Tuiag is ' sTuis)i

13100 NRITELH (’ FrudecliuvnCuneRasuius s sFvudgueciivnCuneRedige )i
13200 WRITELN (/' lLombdal 14 “sLawminisCyi

13300 i WRITELN (’ SuungrwdBcuvenbricity s “rSuusraifvesntricits) i

13400 WRITELN ('’ Hewiuvritiere iyv “rHemiusriere)

13500 {

[

134600 END, { DriverLamberlCunuioniBuenerativg FROCEGURE

30-3

i el gk A L . Y
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100

200

300

400

500

500

700

800

700
1000
1100
1200
1300
1400
1500
1600
1700
1800
1700
2000
2100
2200
2300
2400
2300
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
3200
9300
5400
5500
5600
5700
U800
9900
6000
6100
6200
6300

HODULE Loederoue (INFUTSQUTFUT) S
<
{
{
TYPE
zeruoTulue = REnL
FiRadiaens - RE&LS
Flad s (nurtheraossouatie g
{
{
{
FPROCEDURE LawuvertCunsiacnibBenerasiiun
¢ {GLOBAL? Evuvenlrivity ¢ ZueruTuOuerd
{GLORALY ScwmimasJdurdinis : REAL
{INY> Lambdal t PiRasdisnsi
{IN> LemiideR v FiRoudioned
{INY Fhil t PiRasdiunss
{INY Firel. s FiRodiusnui
{IN> Fitil t FiRsdLsniny
{IN) Fhia2 ¢ FiRudicnss
{0UTY> VAR Kaurra + REnLS
{0UT> VAR luic + REALS
L0UTY VAR PrudecitiunCuneRasdin. ¢ REALS
{0UT> VAR LowmideC ¢ FiRudions?t
f0UT> VAR SuwuuredBEuveniteicity + ZeruTuOnes
{0UT> VAR Hewmiwrhore v Flog IR
{
{ Generctiun sldgoritim describied in roevebcosrir 3.2.11% ol duvument
{ CH5103100u dusied 23 Ociouber 1778,
{
{ JeW,B6illiy 4-27-82
{
{ Tivis wrvuvcedure ASSUHES Lhol cverisin dote gr@ usveileisle as
{ required Ly Lie slsoritimm Gl ol desceibied oo dinrobts 1o Line
{ referente documeni, Tihusse dule ore! Foeenbricity
{ SemiimosduriKis
{
{ This procedure NOESROT rerfurm dole velidobiun chiveks Ghiest g
£ il seecified Ao Lhwe slborcitim dJuscrirtive. Thils dw Lo sliuw Lhe
{ aldurithm Testures Lu be rrecented mure clesels,
{
{
{
CONST
Filver2 = 1.37079%
{
VAR
Fhi ¢ ARRAY T1..37 OF FiRueuisnss
FhiPvime t ARRAY T1..371 OF FPiRsuilsnst
Zeta ¢+ ARRAY [1..37 0OF FPiRudicnus
Curvaiure t ARRAY [1..21 OF RENLS
Index +INTEGERS
BEGIN
{
Phil13 1= Phils
Fhil23 ¢t Fhi2i
Phil37 1< (PHiU+PHiIL)/2.0%
{
LamDdat ¢+ (Laowdsl, ¢ LambdsR) /2.08
{
SuudredBoeuenteriviivyg §¢ SAR(Evvenbricityls
{

FOR Index =1

10 3 DO 30-4

(%)

()

\




6400
6500
6600
6700
6800
6700
7000
7100
7200
7300
7400
7300
7600
7700
7800
7500
8000
8100
8200
8300
8400
8500
8600
8700
8800
8900
7000
2100
9200
7300
7400
$300
92600
2700
9800
9900
10000
101060

FhiPrimelIndexl (- ARCTAR({(1.0-SuucervdEceenibrivity)
(SIMCARSIPLLD Tadexdd )/
COS{MES{FIILIngex9) 5%

FOR Index :-- 1 70O 0o
CurvatburelTngwexd 3+ Sewiwsdurfinis/
(SQRT(1+0~-Suucrvdbuveentrivitek

SAR(BINABIIFHIAL T3 ) ) o0 s

[ 3]

FOR Index -

=~ 1 70 3 nO
ZeatalIndoxd o

v PiOvoe2=-FoiP o iwa20Tndexls

Iuta 3 - (LH(COS(ABSI{FLAITLII) ) -LLNI(COS(ARS{(FRHIL2T))) +
IN(Curvaturel11)~LR{Curveiurel21)i/
(LN(SIMCZeLal13/2.0)/C053(20vuli3/2.0) 0~
LN(STR(Zebtal23/2,03/7C08(ZwielZ1/2.0335%

Karra '+- (Curveiurell1IRCOS(ARS(FLAL117)/
(ToLaRC(BTIN(Z:Lalil/ 2.0 /C03¢ 20l /2.0 0558 ubar )y

)
k,l

FrodecitionConueRasdius ¢ Ramrad((STH(Zets033/2.0)/
COR{Zvial33/2,.00058Tubu s

{ 3
{ NO ALGORITHM ic uveiloble Tour Line Hewicritere Flosi setl ¥

{ b
{ list intermediosiey vaoluew ¥

{ -
WRITELNS

WRITELN (7 cuwrutled Fhil3) 1v “sFLal31)34
FOR Twgeex ¢ 1 TO0 3 DO

WRITELN (’ comruied PLUiFviwmclludexd io ‘sFhiFrimel Indexlis
FOR Inddox ¢ 1 70 2 U0

WRITELN (' cuwmpoied CurveltumrelIndexd 1u “sCurveturel Indess s
FOR Iwdn2e ¢- 1 TO 3 L0

WRITELN (' coumrubed Zetallndexnd iu "2 ZvitalIndusdng

< :
ENDS { LambertCunsioniBenereliuvn FROCEDURE >
{ ¥

END., { Ledrroc MODULE 2




100 {
2300 FRGGRAM Drvit {(INFUT,QUTFUT)
300 {
400 {
500 TYFE
600 Meters =REAL’
700 llecamelers =REALY
860 Letter E- DA
700 Srheres =INTEGER
’ 1000 <
. 1150 VAR FGNorthingCoordg tMeterss
‘ 12060 FGEasstin=Coord tMetersi
1309 FGZoneletter sLetters;
1400 FGZoneNumber INTEGERS
1300 SrheroidNumber t3rheresy
: 1830 UFSZonelLetter iLetters
t 1700 UFSEsstinglLetter tLetters
1800 UFSNortiindlLetter letters
1780 iFSEastingNumber ‘llecamneterss
2600 UFSNorthingNumber tlecameterss
2100 <
2200 <
2300 FROCEDURE FolarToUFS
2409 (LIN X FGNorthninsCoora sMetersi
2500 1IN > FGEasstindgloord sMeterss
24600 <IN X FGZonelLetter iLetter?
2729 {IN * FGZoneNumber tINTEGERS
2300 LIN F SerheroidNumbe 1SFrheress
25989 {0UT> VAR UFPSZuneLetter tLetters
3000 {0UT> VAR UFZSEsstingletter itetters
319098 {CUTY VAR UFSNorthindgLetter sLetlers
3200 i0UT> VAR UFSEasstingNumber ‘tUecameterss
T3I00 {QUT> VAR UFSNorthinsNumber rlecameters ) sEXTERNY
EEVEY) £
00 BEGIN
4349 <
T30 WRITELNS
o WERITELN (7 ENTER FG NORTHING COQORD ")

READLN (FGNORTHINGCOORI) 3

WRITELNG

WRITELN (7 ENTER FG EASTING COGRL i
READLN (FGEASTINGCOORD)

WRITELNS

WRITELN (' ENTER FG ZONE NUMBER ')
REATLN (FPGZONENUMEER)§

WRITELNS

>

PR

-

D OO O OOV SO OOLO OO LOCL
O DO

RTINS P TR TR T PO FF B ST R AF [ 7% BN €8 Y |

YIRS BN IR« SO 4 SNSRI 30 B R a3

0 WRITELN (’ ENTER FB ZONE LETTER ')
O READLN (FOZONELETTER)$
TG WRITELMS
G500 WRITELN ¢’ ENTER SFHEROID NUMERER ’)SREALLN (SFHERCIDNUMEERYS
2100 <
SR00 <
5300 FolarToUF3 (FPGNorthingCoords
53400 FGEastinsCuordy
29500 FGZoneletter:
5650 FGZoneNumber:
3700 SrhieroidNumnbery
800 UF3ZoreLettlery
5700 UF3Eastinslettery
6000 UF3NorthingLetter,
41060 JFZEasstingNumbery
6200 UF3NorthingNumber) s
6300 L
306
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D]
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MODULE FGZUFS (INFUTSOQUTFUT)Y S
<
{
TYFE
Meters =REALS
flecameters =REAL Y
Letter ='AT e T2
SFhieres =INTEGER?
{
{
FROCEDURE FolarTolUFs
(LIN X FGNorthinsCoord
{IN ¥ FGtsstingCoora
{IN 7 FGZoneLettber
{IN = FGZoneNumber
<IN ¥ SrhevroidNumber
{0UT> VAR UF3Zuneletter
{0UT> VAR UFSEsstindletter
{0UT: VAR UFSNorthingLettier
{GUT> VAR UFSEastindiNomber
L0UTY> VAR UFSNorthinsgNumber
{
+ FROCEDURE FolserToliF3 models Lhe Fulare
{ Bterviodrarnic conversion aldgorithm des
{ 3.2.118 of CG1031004 dated 23 October
{
{ PROCELURE FolarToUFS CaLls: FROCEDURE
< FRCCETIURE
. [ 4 - [»Xa)

ogrammed

This rrovedure

sidoritim
This
riat

the algarithim

FrROCedy e

=~y P Ty A ey A At Y 2 Ay A A A s

FROCEDURE FoularToUFS accerts northning and essting coordinaless
tests whethner the UFS or UTM Srid swuslem 13 3 suitsdle Larset
sestems IT Lie UF3 drid system is srrrarticier the Lhe
conversion is rerformed bws this scocedure, IFf the UTM F0id
sustem 135 srrrorrrieley Lhen Lhis srocedure Chlls tLhe
Fol3rToUTM weocedure (3lgoritihm 3.2.867 to rerform tie
OO IS0,
YFE
deters = REAL?Y
liecameters = REAL?G
Laettar = ’A‘..’Z';
3rheres = INTEGER
VAR
UTMZonelLetter tLetters
UTHEestlingletter tLetters
UTHNortininglLetter iLetters
UTMdEas LindNumber tDecameterss
39-9

D3 Jewedillis

reauired g the
gescrirtion,

sraecified in
features Lo Le

T T oL

ASSUMES that certain

algoritim but nol audea

ODOESNOT »~erform
the asldoritihm

dela va
descris
sresentes

s Melberss
‘Meterss
tLetbtiers
sINTEGER
Seneves
Letber

.
'
4+
.
.
teellbers
.
*
.
.
.
*

-

an

tettaers
liecamete
lecameters

Grid to
Crlbed
1572,

in

u-r\

CuniveirtTo
ConvertToldTH

uately

lidily check
tiowe Tivis i
move clesriw

Ln

—~

<

galLa sir@ avasilasblie
descrived
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424090 TMNeortnindNumoer slecameterss
L300 { ¥
SO0 FROCEUDURE ConvertToUFS
000 ({IN > FGNorthningCoordg ‘Melerss
caud {IN > FGEastingCoord iMeterss
55390 {IN > FGZounelLetter vletiers
TE00 {IN > FGZoneNumbe VINTEGERS
71090 {0UTY VAR UFSZonelLetter iLetiers
7200 {0UT> VAR UFSEastinsletter thelters
” {0UTY VAR UFSNorthinglLetter i(lLetter;
{O0UT> VAR UFSEastingNumber sliecameterss
{0UT> VAR UF3NorininsNumber vlecameters) FEXTCRNSY
< >
FROCELDURE ConvertToUTHM
(LIN ¥ FGNorthniniCoord iMeterss
{IN > FGEasstlinsCoordg ‘Meterss
a y LI > FGZouneLetter iLetters
& : {IN ¥ FoZloneNunber s INTEGERS i
329094 LIN > 3rheroidNumber sSFrhEress
2309 {0UT> VAR UTMZonztleller seetlers
5430 {OUTY VAR UTMEasstindlLetter iLetters
3507 {0UTY VAR UTMNorthinglLetter tLetters
2600 {0UTF VAR UTMEsstimgilumber tllecameterss
3700 {0UTY> VAR UTHNorinhingNumber ilecameters) EXTERNS
28900 { p
370690 { 3
Fa00 {3elect tie seerorriate drid reference ssstem *
T A h Y o’
PG BEGIN
TIOG WRITELN (7 FB2UFS ALL HOODOKED UF ‘)
FEDTS IF FGZoneNumber = 0
YIIG THEN ConvertToUFS ({0OUTY> FGHorthiniCoord,
7300 ‘ {0UT> FOEsstinsCourds-
TGO {0UTY> FGZoneLetter:
TEOT {CUTY> FGZoneHumber
?FGC0 {IN ¥ UFSZonelelter:
15908 {IN > UFSEsstinslLetter:
10100 I > UFSNortiitndiietters
10200 {IN > UFSEastinsgNumnber,
15300 TIN ¥ UFSNortiiingilumber?
10400 ELSE CunvertToUTM ({0OUT> ~GiurlhiinzCoordy
103500 {0UTY> FGEsstinm3Coord.
10409 <0UTY> FGZonebetier,
107360 “0UTY FGZoneNumbery
103690 {0UT> SrhercidNumbers
10700 <IN > UTMZonebLetter,
11000 {IN > UTMEsstingslLetltery
12150 {IN > UTMMorthingdletters
11200 {IN > UTMEastinsNumuery
11300C LIN F UTMNorbtladNumoe s
114095 { >
11300 { >
115600 ENDF {of FROCEDURE FolarToUFSX>
11790 { >
11300 < K
11500 END. {uf MODULE FGIZUFSY
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GO
204G
4300
4460
15300
4590
4700
200
1~70
0000
5100
5200
5300
5460
5500
3600
5700
5800
D706
5060
8100
6200
4360
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r

MOLULE CNVQUFS (INFUT»DUTFUT)

{
{
TVYF
Meters =REAL S
Liecameters =REAL?
Letter ='ALL T2
FROCEDURE ConvertToUFS
({IN 2 FGNorlhingCoord ‘Melerss
LIN T FGEestimiCourd iMeterssi
<IN * FPGlorneleller sLetters
{IN = FGZorneNumber VINTEGERS
{0UT> VAR UPSZonelLetter sLetters
{0U7TF VAR UF3Castingietter ‘Letters
{0UT> VAR UFSNorthinglLetter ibetlers
UT> VAR UFSEsstingNumber sliecameterss
{0UT> VAR UFSNorthingNumber slecameters)s
{
< FROCEDURE ConvertToUFS serforms tihe Folar 8Grid to Universasl
{ Folasr 3Sleriograsrnic vonversion aldoritihm described in
1 oraragdr3rn 3.2+0118 of CG108100h dated 23 October 1778,
< QCZLURE ConvertToUFS is CAlLLed bw: FROCEDURE FularTuufs
{ FROCEDURE FolasrToUTM
{ Frogsrammed by J.we.dgillis 3-46-82
{ This srocedure ASSUMES that certasin dals zre availsble zs
{ required ow tne aldoritim bubl not adequatels described in tihe
{ sldorithm descrirtion.,
{ This erocedure NOESNOT rerform dats validiiue checks thest are
{ mot srecified in the algorithm descrirtbtion, Tuis is to sllow
{ tihe slgorithm feastures to we sresentus wure clesrlas.
{ FROCEDURE ConvertToUFS accerts rolsr drid northing and easting
{ coordinates and converts them to UF3 coordinstes.,
<
TIFE
Meters = REAL?
Decameiers = REALS
Ltetter = ’A'oo'z,;
VAFR
Index s INTEGERS
GridL=zuter + ARRAY [1..256] OF Letter b
{
FUNCTION aMODE ({INX a3¢DIREALDY IINTEGERS
'\.
VAR Aintesger ¢ INTEGERS
Binteder ¢+ INTEGER?
{
BEGIN

Adintederi=TRUNC(a) i
Binteger!=TRUNC(D)
aM0lbi=Ainteder MOD EFinteder

END3 {of FUNCTINN MODab>

<
{
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! 3G 0 L 7
? 5500 REGIN

4600 { s
S»7090 { 3
5800 {Initialize the GridiLetter arras., T

4700 {

7000 FOR Index += 1 70 246 LO

7100 GridLetterCInden]t=CHR{ORD(’'A ) +Index~-133

7200 { >
7300 { i
7400 { J
7500 {Calculate the UFSEzetindNuwber % UFSEsstingletter Indes
TACO { ¥
7700 IF FGZuneLetter =~ "M’

73800 THEN BEGIN

7500 UFSEastingNumber ! =aMO0lb{{(FOEssbingCoord-2050533
20060 100400 /105%

8100 Inde;t=aMblo{{FGEastindCoord~-250000 /1000002, 20
8200 ENDY {of IFX

83400 1 >
3400 IF FGZuneLetter = ‘N7

8300 THEN BEGIN

54300 UFSEsstingNumber!=aMO00lb{FGEastingCoord,

8700 1630001 /10%

8300 Indent =aMOLib{FGEastinsCoord /1050001350

8709 END ol IFX

000 { -
7?1090 WRITELNS

FR0O0 WRITELN (’UFSEASTINGNUMEBER IS5 " rUFSEASTINGHWUMEZRY)

7300 RITELN (’AND IT3 LETTER INLDEX I3 ' +IRDEX)S

7150 { >
7?3500 {Coluulate the UFSEsstingletter from iLs indes. *
2500 { 3'
7730 IF Index > 1o

7300 THEN Indexi=Index+l

7200 IF (Index =~ 2} AND (Index -5 17
1C000 THEN Indexi=Irndentls
10150 UF3EastinglLetteri=GridlLetterl{Indexds
10250 < >
10260 WRITELNS
104C0 WRITELN ("UFPSEASTINGLETTER IS “sUFSEASTINGLETTER S
12560 WRITELHN (“AND ITS CORRECTED INLGEX I3 ‘s INLEX s
12400 { >
18700 { M
15800 {Caiculate thne UFSNorthintNumber & Nurtiningtetter Index 7
13700 { M
11000 IF PGZonelLetter » "M’
11109 THEN REGIN
11250 UFSNorthingNumber:=aM0LD{{(FEGNOrtningtC00¢rd-13CC0C0
11300 16000G /10
11400 Irnde;xt=aMO0lb( ({FOGNuorthingCourd=-1300G000) /1003001
11300 249
114600 ENDF {of IFY>
11700 { >
1180$ IF FGZoneletter -0 "N’
117060 THEN EEGIN
12060 UFSNortninsdNumber ! =agMOlID{{(FGNortihinlndgCourd-33030300) »
12100 100600 7103
12290 Indent=aMOlbL L{FGNOrLindCuord=-8000007 7135300,
12360 o4
12400 ENTI3 {of IF>
12900 { >
12600 { 2

3o~

b




12700 WRITELNS

128060 WRITELN ("UFSNORTHINGNUMEER 13 ' sUPSNORTHINGNUMEBERY S
12909 WRITELN (“AND ITS LETTZR INLEX IS "9 INDEX)S

Colculste the UFSNurtininglektter from its Indes

153068 T
131090 {
13200 IF Indes = 16
13300 THEN Indext=Indestls
- 13400 IF Indesx < 17
4 13500 ThHeN INLGEXi=Indes+is
134600 UrFsNortiningletteri=GridLetter{Indenl?
13700 <

132800 WRITELNS
13700 WRITELN ('UFSNORTHINGLETTER IS ‘yUFSHORTHINGLETTER?
I

-

[ R

(S

14000  WRITELN ¢’AND ITS CORRECTED INDEX IS s INDEX)
14100 <

142090 <

14300 <

14400 <

11350  END; <of PROCEDURE ConvertToUPSY

14600 < .

14700  END. {of MODULE CNV2UFS)
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100

200

300

400

300

500

700

800

700
1000
1100
1200
1300
1400
1500
1600
1700
1800
1700
2000
2100
2200
2300
2400
2500
24600
2700
2800
27900
3000
3100
3200
3300
3400
3500
3600
3760
3800
3700
4000
4100
4209
4250
4900
5000
5100
5200
3300
5400
5500
5600
3700
5800
5700
6000
6002
5100
6200
6300
64900
6500

-

TEMPORARY

STUB PROCEDURE

A
MODULE CNV2UTM {(INFUTOUTFUT

{

{

TYFE
Meters
llecameters
Letter
Sriieres

{

{

=REAL}
=REALS

=SET OF CHARS

=INTEGER ¢

FROCEDURE ConvertToUTH

({IN
{IN
<IN
{IN
{IN
{DUT> VAR
{0UT> VAR
{0UT3> VAR
{QUT> VAR
{0UTY VAR

R R R

~t A AAANAA A AN AP A AP Ay A A

FROCEQURE ConvertToUTM is CAlLled by

required Ly the aldoritim
aldorithm descrirtion.

FROCEDURE ConvertToUTM accesbts wolar
coordinates and converts them

FGNorthindgCoord
FGEastingCoord
FGZonelLetter
FGZoneNumber
SrnieroidNumber
UTMZonelLetter
UTMEastingletter
UTMNorthingbLetter
UTMEsstingNumber
UTMNorthingNumber

FROCEDURE ConvertToUTM rerforms the Folsr Gridg
Transverse Mercator conversion
Faradgrarn 3.2.86 of CG108100A dasted 23 Octuber 1778,

tMeterss
IMeterss
tLetters
s INTEGERS
t13rheress
sLetters
tlLetlters
iLetters
tlecamelerss
slecameters)s

-

FROCEDURE FolarToUTM

FROCEDURE FoulerToUFS

Frodrammed by J.wedillis 5-6-82

This rrocedure DOESNOT rerform detse validitye ciiecks
not srecified in the algoritim
the aldorithm features to be rresentes more clearly,

YFPE
Meters = REAL?
Iecameters = REAL:;
Letter = SET OF CHAR:S
Sriheres = INTEGERS

{

{

REGIN
{ IF >
{THENY>

WRITELN ¢’ CNV2UTM HOORED UF OK)

{

{

END3 {of FROCEDURE ConvertToUTM}

{

END, {of MODULE Cnv2UTM> 36 -3

This rprocedure ASSUMES that certain data are availsule as
but not sdequatels describied in

Lo Uniiverssil
dldorithm descriuved in

the

that 3re
descrirtion. This 15 to 3llow

[

grid rnouerthing and eastins
Lo UTM coordindtes,
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104 L

255 FROGRAM ConvertToUTM C(INFUTSOUTFUT )

300 {* .
BYY TVFE

TG0 ASCITArrssy = ARRAY C1.,.43 OF CHARG

SQ¢ Letter = CHARY

700 <r

3¢0 VAR

FLO UTMCoordinate . RECORD

10090 UTHMZoneNumwber YARRAYLD1,..21 uF INTEGER:S

11064 UTHZoneblLetter Jietters

1200 UTHMEsstingletter sLetlers

L3860 UTHMMNortihinsdlLetbtlter (Letlbters

1400 UTMEzs tingMumber (ARRAYL1..41 OF CHARS

1500 UTHMNorthingNumber $ARRAYLL1..41 OF CHAR

1580 ENMDis {UTHMC >

1700 <>

1300 FeGNorthingCoord TINTEQERSY LINY

1700 FoE& cflﬁSCuoru TINTEGERS {INF
20046 FGZonelette sLetter 3 {INZ
Si00 PGZoneNumoer PINTEGERS {IN>
2200 FrnarolidMumber JINTEGERS {INY

2269 I+ EletterCffesety Tels Trr Tnlt INTEGERY {Locall¥
T390 Numbper $ INTEGER:S i
25990 > :
1600 > i
2700 < PROCEDURE ConvertTolUTHM rerforms bive Fular Orid to Unliversasl p :
2300 L Transverse Mevcaglbor conversiun aldoritim descoriped in b ‘
LR00 { raradrsern 33,2485 of CG108100A dated T3 CBotower 1778, e !
SO0 <3 :
3L0G0 < FROCEDURE CuonvertToUTHM i3z ChAlLled bgs FROCELURE FolserToUTH > :
3200 £ FROCEDURE FolarTuUF3 > L
BRL TS |
1409 IF !
3600 < This rrocedure ASSUMES that certain dals ave available as > !
3500 1 reeuired by the slgoritim but ot sdeauastelsw described in the 3 :
3708 < gigoritim descrirtion, b s
300 i [
3700 £ This #rocedure LOESMNOT rerform data validity ciecks thel ave - I
SN { not wrecified in the algoritiim descrirtiun. This is to slliow X !
LU < the 3lgorithm features Lo be sresentes more clearlz, r i
470590 ¥ ‘
1300 { FROCEIURE ConvertToUTM accerts rolar drid mortiing anvd esstinss

1330 { coordineles znd converis Lhem Lo UTM courdingies M )
433006 LY

1500 {7 1
1760 FROCEDURE CorvertToASCITY Number? INTEGER <inrs

132090 VAR AlrnhaNumtaS3CIiarres 3

1T00 {>
o008 {1 Convert arm tnteder numbere Lo 1ts ASCII resrresentsbtion in bLaze 13 2
w100 { This rrocedure nut delailed in source >
5200 L7
FEDTY) VAR It INTEGER?
5400 A THTEGERS
5000 ¥
A0 BEESIH
NTO0 TOR I s= 4 TOWNTO 1 O

U800 EEGIN
0700 fida v (Number MOD 107 + QROC G Y 4

L5650 AlrhisNumlId t= CHR{AdG) +

3100 Humber 1= Numbee DIV 1O

£2046 ZND

L300 i
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ENTLF <ConvertToaSCIix

o3 .
s

EEGIN {CunvertToUTH>

{>

<ovead ineab

-

{*

WRITELMS

WRITELN ('FG Norbtnimg Cuovd {intedger) "} 3

READLN (FGMorihingCuordy 3
WRITELN ('FG Eesbting Cuord (inbteder) 7
READLN (FGEsstiindgCuourd) 3

.

WRITELN ('F3 Zone Letter (Letter: “3 3
REALLN (FOZounebLetiery #
WRITZLN ¢'F8 Zonme Number {(intesaery ) 3

REATLN (FO3ZoneMNMumiery i

YRITELN ("Zrheronild Mumber {integer) 7
READLN “SshevoidiNuomber) 3§

-

~a.

'\.}
L end of inrut ¥
¥
WITH JTHMCoordinate DO
BEZGIN
T Find Easting Letter (A2 2
I = FGZuneNumber MGD 3 ¢
1 Easbing Letter Offset Factor ¥
cm3e 1 0OF
0y EletterOffset 1= 2453
1! ELetterOffzet = o7
2% ELetterCffset 1= 10
ENDS
.C:
Tel = ( FBEsstingCoord - 3S0000G 3 LIV 10G0C0 + ELeltbervOiTiets
<r [
< Following letter counversion not asccording tu dovumentations > .
{ Frucedure in documentation failes &t 1wzt b Bod Hersfelds FRGy e .
L witiein bs in 32Uy and thvis one succeeds L lasst thiere. >
£y
IF Tel 13 THEN Tel = Tel + 2
EL3E IF Tel 10 THEN Tel = Tel - 1 !
EL3E Tel $= Tal - 2 3
1 ¢~ Tel + ORGC'A’) - 1 i
UTME3:sbtindletter = Ched Tel ) <AZXS
.'.\.
< OFirmd Northind Number X
IT HOT QLU FSZoneHumber) THEN
FiMortihingCoord = FGNorthingCoourd + 33GCOGT
Te t= FOUHorthingCoord MOD 20600005
Tol v= T& 0TIV 100000 + 1
{ Meke Srnervid Addustment F
CASE SrineroidgMumber OF
<
T Clerk 1346 ¥
it IF (FGZoneNumber 317 OR (FGZonmeNumber » 337 TREN Tl - Trmi + 170
ELSE IF (FOZoneNuwizr-I1) ANl (FOZouneNumbe: 7570 {Luro i zouwr cel
THEM Tn e Tl ~1473
< Internativnel -
2V IF (P5ZoneNUMEER 334) ANl (FoZoueiumber 527
THEN Tl = Tul + 105%
{r
{ Clzrk. 1330 7
IV Tl o= Tl + 147

T Jo~-rv




|
LEP00 { Everast - ~4
138460 12 IF FGZuneNumber 0 46 THEN Trl = Tnl + 1G9
12730 {x
13603 { Bessel >
L3108 DY IF (FGZoneNumper 32 AND (FGTZonebebtlber 'Ry TAEN Tol - Tl + 153 i
13258 {>
123456 { fAustralian ¥ :
134900 5y IF OO FG2onmeNumper 3 THEN Tunl $= Tnil i%
13530¢ ELSE Tl = Tul + 9
13809 <r
13700 ENDy <CASE OF SriheroidNumber>
123900 {F
13700 1 Calculate Final Morthing Letter ITiden 7
143300 iF
141060 IF Tnil 14 THEN Tnl = Tl + 2
14230 ZLBE IF Tul o 9 THEN Tnl = Tl + 13
14300 Tvil ¢= Tl + COROC A7) - 1 %
14300 UTMNourthningtetiter = CHR{ Tnl 35
11580 £ Formset for Cubtsub
14500 ConvertToAdSCII{ FOGNorthingCoord MOD 185000y UTHNortnimgNumoer 34
1ET00 ConvertToA3CII( FGEasstinECuord MOD 100000y UTHEs-LInSNuwber )3
148345 JTMZonedumbertll = FGZoneNumber DIV 1056
14750 UTHZoneNumber{21 1= FGZoneNumber MOD 10
153500 LBTMZoreLettar = FGZomeLebttber
191383 {
LA280 { WRITE QUTFUT >
13300 <r
134220 WRITELN 3
15550 WRITELN
LoA00 WRITELNS
10700 O FOR I 5= 1 70 2 DO WRITELN ('UTM Zune Numver "sIyUTHZomneNumberfI13)3
153825 WRITELN ("UTM Zone Levter ‘yUTHZonel.ollecy § j
13700 WRITELN ('UTM Easting Letter ‘yUTHE@sLindletber) i
16200 WRITELN (/UTH Noirlhing Letter “yUTMNorthinglLeltier) 3 r
16100 FOR I 3= 1 70 4 L0 EBEGIN §
16260 WRITELN ("UTHM Easting Number N ‘yUTHMESstindNumoeer [ I35 f
146300 WRITELR (UTM Northiodg Number "1 “yUTUNovrthinsNombier I3 i
146460 END 3 ;
1650¢ 3 ;
14400 { ENU OF OUTFUT 7 !
15760 <y i
1ESH0 ENT <of WITH UTH > !L
15700 {3
L7050 ENT. {ConvertToUTM>




PROCEDURE ConvertToUTM IS

TYPE ShortArray IS ARRAY(1..4) OF CHARACTER;

PGNorthingCoord
PGEastingCoord
PGZonelLetter
PGZoneNumber
SpheroidNumber
UTMZoneNumber
UTMZoneletter :CHARACTER;
UTMEastinglLetter :CHARACTER:;
UTMNorthingLetter :CHARACTER;
UTMEastingNumber :ARRAY(1..4)
UTMNorthingNumber :ARRAY(1..4)

I, EletterOffset, Tel., Tp; tnl

: CHARACTER:

{INTEGER:; =--IN
tINTEGER:; ~-IN

-=IN

tINTEGER; ~-IN
tINTEGER; --IN

tARRAY(1..2) OF INTEGER:;

OF CHARACTER:;
OF CHARACTER:

» ASCIIPos: INTEGER; --Local

PROCEDURE ConvertToASCII( Number: in INTEGER:;
AlphaNum: out ShortArray) IS
-= Convert an integer number to its ASCII representation in base 1@

-— This procedure not detailed

BEGIN

FOR I in reverse 1 .. 4 LOOP

in source

ASCIIPOS := Number MOD 18 + CHARACTER’POS(’8°’);
AlphaNum(i) :z= CHARACTER’UVAL( ASCIIPoOS );
Numpber :!= Number - 1@;

END LOOP;
END ConvertToASCII:;
FUNCTION ODDC I: INTEGER ) return
BEGIN
IF I =2 % ( I/2 ) THEN return
Else return true;
END IF;
END ODD:
BEGIN
-- Find Easting Letter (A2)
I >z PGZoneNumber MOD 3;
-- Easting Letter Offet Factor
CASE I IS
WHEN 8=z ELetterOffet :@=
WHEN 1:=)ELetterOffet :=
WHEN 2:=)>ELetterQOffset :
WHEN OTHERS =)> NULL:
END CASE;

Tel =z ( PGEastingCoord - 3509000 ) -/ 1000908 + ELetterOffset;

BOOLEAN is

false;

IF Tel > 14 THEN Tel ::z Tel + 2;
ELSIF Tel > 9 THEN Tel := Tel + 1;

END IF;

Tel := Tel + CHARACTER’POS(’a’) - 1;
UTMEastinglLetter ::x CHARACTER’VAL( Tel ); --A2

-- Find Northing Number

IF NOT 0dd( PGZoneNumber ) THEN
PGNorthingCoord :=z PGNorthingCoord + S00000;

END IF:;

1o -]
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Tp := PGNorthingCoord MOD 208800a8;
Tnl = Tp - 100960 + 1;

-- Make Spheroid Adjustment

CASE SpheroidNumber IS

-- Clark 1866

WHEN 1:=>IF PGGridzoneNum <31 OR PGZoneNumber> S8 THEN Tnl =z Tnl + 1@’
ELSIF PGZoneNumber > 51 AND PGZoneNumber < 59 --typo in source

THEN Tnl := Tnl - 10

END IF:;

-- International

WHEN 2:z>IF PGZoneNumber > 46 AND PGZoneNumber < S2 THEN Tnl :z Tnl + 1@;
END IF;

-— Clark 18890

WHEN 3=>Tnl := Tnl + 18:

-= Everest

WHEN 4:=>IF PGZoneNumber < 46 THEN Tnl != Tnl + 18; END IfF;

-- Bessel

WHEN S=>IF PGZoneNumber <52 AND PGZoneletter ('R’ THEN Tnl =z Tnl + 18:
END IF;

-= Australian
WHEN 6=>IF ODD( PGZoneNumber ) THEN Tnl = Tnl + 1S;

END IF;

WHEN OTHERS => NULL; -=- Not in source
END CASE;
~- Calculate Final Northing Letter Index
If Tnl > 14 Then Tnl = Tnil + 2:

ELSIF Tnl > 9 THEN Tnl = Tnl + 1;
END IF:;
Tnl ¢ Tnl + CHARACTER’POSC(’A’) - 1;
UTMNorthinglLetter :=z= CHARACTER’VALC( Tnl )’

-- format for output
ConvertToASCII( PGNorthingCoord MOD 18888@, UTMNaorthingNumber );
ConvertToASCII( PGEastingCoord MOD 138888, UTMEastingNumber );
UTMZoneNum(1) :z PGZoneNumber ~ 18;
UTMZoneNum(2) := PGZoneNumber MOD 18’
UTMZonelLetter ::= PGZoneelLetter:

END ConvertToUTM:;
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100 { ¥
200 FROGRAM DRVGZTE ( INFUTSOUTFUT 9
300 { p
AGO { FROGRAM DRVGZTE rrovides & test driver carabilits for testing > é
300 { GridZoneGeneration rrocedures for TRAILBLAZER, > :
460 { > ;
700 TYFE {
800 llegsreesResal = Reali 1
250 ZoneRandge = 1,.80¢
1000 Letters = AT,y 2
1100 VAR |
1260 Longditude ¢ DegreesReals o
13090 Latitude : DedgreesResl; A
1400 GridZoneNumber v ZocaeRansded
15300 GridZonelLetter ¢ Letterss
1500 { ¥
1700 FROCEDURE TEGridZoneGerneration
13800 ({0UT> Longitude s DedyreesReald
17060 {0UTY Latitude t UesgreesResls
2590 <IN ¥ VAR GridZoneNumber s+ ZurneRardes
2136¢ {IN » VAR OGridZonelLetter V Letiers) $EXTERNS
22040 < ¥
2380 { FROCEDURE TEGridZoneGeneration models the TRAILBLAZER conversions
TA00 { of geograrnic coordinates to Universal Transverse Mercsator >
235060 { {(UTM) courdinetes drid zune desidnaztor riumberslietier, r ;
2500 { b2 1
2700 REGIN
2800 . < -
2909 WRITELN (’ ENTER Lomgitude’);s
3000 READLN ( Londitude )i
3100 WRITELN (° ENTER Latitude’);
3260 READLN (Latitude )3
3300 TEGridZoneGerneration ( {0UTY LondituderLatitude,
3400 {IN ¥ gridzonenuamperydridzoneletier)
3500 WRITELNS
3500 WRITELN (‘ GridZoneNumber is '»GridZuneNumper 33
2760 WRITELNS
3860 WRITELN ('’ GridZonelLetter is ‘sGridZuneletter Ji
3709 { P
40090 END, { of FROGRAM DRVGZITE 7>
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100 { >
200 MODULE TEBGZUG ( INFUT»OUTFUT )3
300 { b
400 TYPE
500 DedreesReal = REANL ¥
600 ZuneRande - 10060;
700 Letters = ‘A .02
300 { >
g00 FROCEDURE TRBGridZonelGenerslion
1000 ({IN X Lminii Luiie t DedrewesRuesly
1100 {IN > Latitlude v DudrewosRuecld
1200 {LOUT> VAR GridZoueNumuer s ZuncRainie s
1300 {0UTY VAR GridZunel.etive ¢ Lelbbers)d
1400 { F
1500 { FROCEDURE TRGridZuneBenervrslion mutdelse Liie TRAILRLAZER cuniversiuvny
1600 { of dreuderarnic coordingties Lo Universel Tronuverese Hervcabur b
1700 { (UTM) cuourdinestes = drid cune desiSnciur numbtery lebller. >
1300 { >
1900 { Documentaliun used wer Lhe GP2UH wulvrvusivem dide 20 felr 81 F
2000 £ Trum biwe listbindgs srovided Tur Lie TRAILBLAZER vuntem. ¥
2100 { ¥
2200 { PROCEDURE TBOridZuinBeumraiion is reluar=nce) v >
2300 { FROGRAKH DRVGZTER ¥
2400 { >
2500 { PROCEDURE TRGvridZutieGenwracbivin mules 1o relerenvess r
25600 { >
2700 { This procedure DOES NOT reviurm sny dele validitye ciievhs F
2800 { that ar2 nol exerlicitly seeelified in biwe sliduribhm >
29200 { descrirtion, Tihie iuv Lo olluw Lhe oliuvibitm Treebures bLu e b
3000 { rerrvesents2d more clearly,. >
3100 { > i
3200 TYFE :
3300 Letters = AL TS
3400 IndexRande - 1eel4%
33500 { >
3600 VAR
3700 GridZonel LyrLictl ¢ ARRAYVIL1..243 GF LETTERS
3300 GridZuonelinjex ¢ TinjesRanies
3900 { >
4000 BEGIN
4100 { Initialice sllowaiile Chioretbers orras b
4200 { >
4300 GridZonel.trlicl [11] =AY
4400 GridZunebLiterbLiut [2] =B
43500 GridZonel LrLict [31 HE RS v
45400 Oriddonvblieclist £41 HIERS (A
4700 GridZonelLiyrList T30 HERS 38 |
4800 GridZonel.brl.iat €63 t=F’s
4900 GridZonellerlist L7 =6
5000 GeidZunelbellisl [8]) HIERS A
9100 GridZonel bLylicst L9 =703
9200 GridZunelirlist 1037 LR
5300 GridZunelirlisl L1113 =L’
5400 GridZuneblisrblist T123 LI
5500 GridZonebltrLivt C[133] TR ]
2600 BridZoneltrlisy 143 P
5700 GridZoneltirList [135) RS 1A
5800 Gridiumelirliuvt C16] +='R’j5
5900 GridZunebirbicsl [17] 12’8
6000 GridZoweblivi.iot C133 =T’
6100 GridZuneltrlist C192 HESA A |
6200 GridZuneli, List £20) HESRAY R
6300 BridZuneblirlisl 212 HE T "

it it A , AL T N 2t AR e R caiatiemn e il ¢




64900 GridZuneltrliut CTZ223 A

6500 GridZunelLterLlist [23 HERA S

6600 GrivdZunel tvliui, {241 AN

6700 { >
6800 GridZoneMumu=r t= TRUNEG (31.0+{Lundibuie/a.G5 5%

6200 GridZonelindexn t- TRURC (13 .0+{Lalibude/ /8,005

7000 GrivdZunelbuetiazyr t= GridZuneb trhiolGeridmune Tinfexdi

7100 < >
7200 EMDS { ui FPROCEQURE TBROvidTonueBenwrvsiion b
7300 { ¥
7400 END, { o HODULE GRGZTB ¥
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100

200

300

400

500

600

760

800

200
1000
1100
1200
1300
1400
1500
14800
1700
1800
1900
2000
2100
2200
2300
24090
2309
2600
2700
2800
2700
3000
3100
3200
3208
3400
3300
3600
3700
2800
3900
4000

{

FROGRAN LRVGZHG ( IRFUTSOUTFUT s

{

{ PROGRAMN DRVGZMNG rruvidesr ¢ tuwni driver corcbility tui Lesting

{ GridZunelen@rebivg #ruceduras Tur HAGTIC,

<
TYFE
Radisns = RENL Y
ZunuvRsnge 1..40%
Letters = AT T
VAR
LongiLude ¢ Ruedicning
Latiilude ¢t Rodisnss
GriulZunieNumiier ¢ ZunweRandes
GridZunel.eiier s Letierss
{

FROCEDURE HOGridZuneBenzrsiion

Rl el

Ay v

({0UT> Lon=d bude
{0UT> Lsbitude
1IN Y VAR GridZuneilumbie
<IN ¥ VAR GridZunelaotier

Radlaiisd
Ruisniss
- - s
ZuncRende s

s o 20 oo

Letiers) inATERNS

FROCEDURE MGGy idZunuGunuersihiun wmoduelys Lhie HASTIC vunvarsiun
of deodrdrhic vuurdineles Lo Uniiversael Trensverse Hercebor
(UTH)) courmdinsies drid cune destdusiur ndmier & lutier,

REGIN

'a)

WRITELH ¢’ ENTER Lunditudge’ )
REATILN { Lounsitude 73

WRITELM (7 ENTER Lotiblube)s
READLN (Laotitlude )3
HGGr tuZuneBeneratiun < Lomitbudursrblstitudey
WRTITELNS

WRITELN (' GridZunelumiber is “sGriudZonuiumbier 33
WRITELNS

WRITELN (' GridZunebetivr ju " s8ridZunvleiier )4

END. { of FROGRAH TNRVGZKG >

32422

A
>
N > GridZuneuvwmuersGridZonelelice)
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100 <
200 MODULE MGGZDG ¢ INFUT,OUTFUT i

300 { ¥
400 TYFE
200 Radians = REAL?
500 ZoneRange = 1..,480%
700 Letters = AL
300 { k3
00 FROCEUURE MGGridZorneGeneration
1000 {({IN > Londitude ¢ Radianssy
1100 LIN > Latitude v Radianssy
1200 {0UT> VAR GridZoneNumber v ZoneRandgey
130G {0UT> VAR GridZonslLetter P Letters)s
13090 < ¥
1359 { FROCEDURE "GGridZonebGenerastion models the MAGBIIC conversion r
16290 { of decdrsrhic cuvordinatles Lo Universal Trausverse Mercator r
o0 { (UTM) coordinetes - Srid zone designator munber & letter, ¥
183090 < >
1904 { Tocumentation used was source code listings frow the MAGIIC g
20090 { document CG108100A dtd. 23 Oct 1978srar,3.2.70y =4.1867., ¥
2100 < b
2200 { FROCEDURE MGGriuluneGeneration is rererenced bw. ¥
2300 { FROGRAM URVGZIMG >
2300 { >
25090 { FPROCEDIURE MGGridZoneleneration makes nmo references. b4
24800 { M
2730 { This srocedure DOES NOT rerform sy dets validits chiecks >
28309 { that 3re nut exrlicitly srecified in Ltie slgorithm b
270G < descrirtion, Tihis is to a3llow the aldorithae features to be b
3000 { rerresented more clearly, M
21090 { >
3209 CONST
3300 Fi = 3.14135926%
24090 { >
3500 TYFE 3
36990 IndexRange = 1,.,26% we
3709 { r
3800 UaR
3500 GridZonelndex ! IndexRanges .
4000 { p 3
1100 EEGIN f
4200 { > T
4300 { Calculatle the drid zone number > !
4400 { >
4500 { STATED LONGITUDE RANGE I3 -180-=LONGITUNE--=130 IN DEBREES >
4500 { >
4700 GridZuneNumber = TRUNC(({130.0/Fi)xLongitude+130.9),/46.,0)+13
4800 { h
4900 { NO comrensation for wrer 2round ouf dgrid sone nuwbers b )
5000 { b2 i
3100 { Determine tie grid zone letter > f
3200 { p !
93460 { Since no deteils are rrovided in lhe refTerenced documentation *
2400 { it is A3SUMED that we krnow how to assigmn A or B fur latitudes >
5300 { equal to or over 84 degrees Norlh and Y ur I fur laslitudes >
5600 { erqual to or over 80 dedrees Suutih, >
5700 { >
3800 £ TRUNCATION to inteder is ASSUMED since it is rnecessary sl tihiszr
59700 { #oint in orijer Lo use the GridZonelndex 4s & rFuinter, >
6000 { >
él?? f STAHTED LATITUDE RANGE I$039§=LATITUUEQ-84 IN TEGREES ?




’ oLuv \ s 1
' 43006 GridZonelInde:;: t= TRUNC ¢(({180.,0/Fi)%Latitude+80.,9)/8.0)}
: 5400 < r
A5C0 { Comruie midrande grid zone letiters >
H400 { by
5700 IF GridZonelndex <= 9
. 5800 THEN GridZoneletter (= CHR{GridZonelIndex + QRO('C )3
! 5300 { Here we iiandle the ‘i’ which is nut used >
: 7500 L ¥
7100 IF ( GridZonelndex »= & ) AND
7200 ( GridZonelndex <= 10 )
7300 THEN GridZonebLetler t= CHR{(GridZonelndex + OQRDC'C’i+1i3
7400 { b2
7300 { Here we handle the ‘07 which 1s not used >
7500 { ¥
7700 IF ¢ GridZonelndex »= 11 ) AND
7800 ( GridZonelndex <= 19 )
7900 THEN OridZoneLetter 1= CHR(GridZowelnde:x + ORD('C’)+205
3500 { ¥
8100 { The rest uf the GridZonelndex are bissed off by ORD ¢(°C’} h
8200 { >
3300 IF GridZonelndex » 19
8400 THEN GridZoneLetter (= CHR(GridZonelndex’s
3300 { >
3600 { Assign Y or Z to the North Folar Zone asccording a3s Western b
3700 { or Eastern Hemisrheres resrectivelsy, >
83800 { r
700 IF Letitudex(180.0/Fi) = 84.0
000 THEN IF Londitudex(180.,0/Fi) - 0.0 |
7100 THEN GridZoneLetter = 'Y’
920C ELSE GridZonelLetter 1= "Z73%
?300 { *
7400 { Assign A or B Lo the South Folsr Zone acvcording as Western b
2?5300 { or Eastern Hemisrheresr resrectivelw. b
2600 { b
7760 IF _3titude%x(180.0/F1i) <= =-30.,90
$3800 THEN IF Londitudexk(180.,0/Fi) < 0.0
2900 THEN GridZoneletter (= “H/’
100060 ELSE GridZonebLetter (= "B’
101090 { > .
10269 { NO correction for the four irresular zones - ¥ :
192260 { I2X» 34Xy 3nd 386X do not exist ¥ ;
10360 < 31V is btruncated ¥ !
10360 { > ¥
10600 ENDS { of FROCEDURE MGGriliZoreGerneration b f
15700 £ ) H
15800 ENDls { of MODULE MGGZLG b




100
200
300
166
300
609
700
800
F00
100G
1100
1200
1300
1409
135090
1400
1700
1800
1900
2500
2100

2000
2300
T450
2500
2500
2700
2800
2900
3000
3100
3200
3300
3490
3500
3600
IT50
3300
3500
4000
3100
3200
4300
4300
4500
4600

{

FROGRAM DRVGZET ( INFUTQUTFUT

{

{ FROGRAM DRVGZEBT rrovides a test driver carsbilits for besting

{ GridZonelBeneraiion Frocedures for BETH.

{

TYFE
Radians = REALS
ZoneRande = 144607
Letters = TR Ly

VAR
Londitude ¢ Radiansi
Latitude ¢ Radisnss
GridZuoneNumber + ZoneRandes
GridZonwbLetter ! Letterss
CenterMeridian v Radianss

Y

FROCEDURE BTGridZoreGeneration

A A A

'y

({0UT>
<0UT?
{IN >
{IN 3
{IN >

FROCEOURE ETGri

Longitude
Latitude
VAR GridZoneNumnber
VAR GridZorneletter
VAR CenterMeridian

dZoneGeneration

models

Radiansy
Radianss
ZonerRandes
Leltersy
Radiasns ) yEXTERNY

a0 *4 a8 ob an

tiive BETA conversion

of deodrarinic coordinates to Universal Transverse Mercator

{UTM)
central meridia
EEGIN

WRITELN (¢~
READLN ( Lo
WRITELN (<~
READLN {(Lat

BTGridZonebeneration ¢

WRITELNS
WRITELN
WRITELNS
WRITELN
WRITELNS
WRITELN

( ’
( ’
( ’

END. { of FROG

coordinates

grid
rnn of the rectandle.

ENTER Londitude’)s
ndgitude )3

ENTER Latitude’ )

itude 3

{0UT>

{IN 2

zone desiguatur

numueerslietier and the

LonditudesLatitudes
GridZorneNumbersGridloneLebler:

CenLerileritlolis

GridZoneNumber is

’

GridZoneLetbter is

CenterMeridian is '

RA4M DRVGZEBT >

"yGridloneNumber

-

-

yGridZonetetter

rCenterMeridian )

[

L

(%

L LT AL I W

\

(o)




100

200

300

400

500

400

700

800

200
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3260
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
43500
4600
4700
4800
4900
5000
5100
5200
5300
9400
9300
5600
5700
2800
5900
6000
6100
6200
6300

{

MODULE BTGZDG ¢ IWNFUT,OUTFUT )i

{

TYFE
Radians = REALS
ZunuwRaunde i 14,607
Letters = AL LS

{

FROCEDURE EBTGrvidZunelBenevrciiun

A AAAAMNAAMAAA AN AAAAAAANAAA A

P

ol

({IN ¥ Lundliiude

{IN > Lalitlude

{0UTF VAR GeiviZunwNumier
{0UTY VAR GridZuniebleibur
{0UTY VAR Cuentwriieridiasn

Rodisnsy
Rodigtind
ZunuvRanses
Letiterss
Raudisa)s

s @6 40 o0 o8

FPROCEDURE BTG ridZuneGuenwrstivn wmudels Lhe BETA vunversion

of deodrartiic cuurdinsles Lu Universel Truonsverse Merceior
(UTH) cuovdinsies = seid conm desldawtor aumiseer Totbors sod
the centrvel mervidiasa,

Documeniatliovn used wos source code listings frum Lie BETH
dJovumuenl, 53322-43 did.e 16 Dueb 17815 usirned7::402-474 Tur Lhe
ADSCNYU subprusgren otid »4e2-900 Tour Lie ANSTCH subwrruscem

FROCEIURE RBTIGvidlZunelenerclbion 1o refurenuved Lyl
FROGRAW URUGZRT

PROCEDURE BTGridZunuiBuunasrasliog mskas no refa2roncus,

This rocedurve UNES NOT ceviurw sns distsd validivs chiecks
that asre not exeplivitle wrecifTivd in Lhie elsivritim
desuririion. This is o 41low Lhie sluduritim Tesbures Lo Lo
represenied mure Cleerla,.

Since the included ‘ZOEFROLCOM’ iun nui eveileble Lu we ol
iy Limwy we oasume dfm-dicit Luerimi o bhe suvure= FORTRO&N
code.

CONST
Fi = 3.1410526%
TYFE
Letters E T R |
IndexRande o hee249
VAR

GridZonelirbLict
GeidZunelinies

ARR&YL3 .24 OF LETTERSS

TindesaRanies

oo *°

BEGIN
Initialize asllowealle Cligreavierys g ray

GridZoneblrlict [1] HE I T ]
GeridZonel.vrlliol [2] HE T -
Grid2unelvrbist [3] ='C’%
BridZonelierl.iuvt [43 [ U
GridZonel Lyl ict [LT] HERS 2
GBridZunuvbtrlist (6] t="F’5s
Grid2unelivblietl C72 HERA c
GridZonmLiuvl.ist L8] t='H' %
BridZoneLirlicnt [7] =00
GridZonebLirlivt 7103 -
GridZonelivliol (113 T N 1
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6400 GridZunel.berllivt L1213 MERRE

6500 GridZonmelL trliwil (133 HERE A

6600 GridZonezl.trliat 141 =P

6700 GridZoneluvlinl CT1353 MERE S |

6800 GridZunel. telist T141 v='R7%

| 6700 GridZonebitiLiswt [T171 1278}
! 7000 GeidZunel.brlist 18] +'TS

7100 GridZonel trlist [193 MRS A

7200 GridZunel.trLiost £201 IR A |

7300 GridZonebLbrLisl £211] HERE" R
7400 GrivZonwebltrliiat £221 $ =K E

7900 GriuZonelirlisi [232 N A

75600 GrivZounel.berliost (243 s='Z'y

7700 { p

73800 { Calvulaie Lihwe deid zZune number ¥

7900 < 4
3000 GriuZoneNuminar ¢« (TRUAC({{(18000.,0/Fi) %L undivude)

8100 +18600.05 ) DIV &40

] 8200 { >

8300 { Comrensate Tur wrer cruund ol Herid cune umbers ¥

8400 { >

8500 IF GridZlunieNumiier > &0

8600 THEN SeidZoneNuymier 1= GridZoneNuomin:yr-5073

8700 IF GridZuneRumber < 1
83800 THEH GridZunuvMuwibee ¢ SridZuneNuwsber+403

8900 { ¥

9000 { Detwvmine Lhie deid coe letter ¥

9100 { ¥

9200 GeidZonelndes $« TRUMC((L gL bude®(180,0/Fi)+104,0)/8,010 %

9300 { 5

2400 { Teuit Tur aud lock uul Nuebin Fulse Zunes >

9300 { ¥

92600 IF GriuZunuelndex > 22

?700

2860 THEN GridZunelndex - 22%

772090 { >
10000 { NOTE thol ru such test is needed Twur Lie Suuih Fuluar Zunwe b2
10100 { hecause bLiw sldoritm liwil was :diven su - 80 Sauth >
10200 < >
10300 GridZunelutiee = GeidZun=lirLiobi0ridluelimienls
10460 { >
10500 { Curvrewel, Pour L Tuur Leredular cunes - >
10600 { 32X+ 34Xy and JER du tiwl exisi >
10700 < 31V iy vrunvaeted ¥
10800 < >
10700 { Truncahe dvid cune 31V ¥
11000 { >
11100 IF (GridZouelidesn - 20) ARD
11200 ((Gridlunelumber =313 AND
11300 (Londitude »- J.0%{Fi/130.0)))

11400 THEN GriuZuneNumber - 323
11500 < >
11600 { Correct Por grid cunes 32Xr34%» oind 36X ¥ 1
11700 { ¥
11800 IF (GridZunielindex =22) ARD
11900 (GridZuneNumber -32)

12000 THEN IF Lounsibuge >- $.08(FP1/3180.,0)

12100 THEMN GridZoneNumiber 3= 33
12200 ELSE GridZunckumiber - 313 3
12300 { b
12400
12500 IF (BridZunelindex -- 22) ARD
12600 (GridZoneNumber - gt) 27




|
|

12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200

{

{
anigs
{
END.

{

{

THEN IF Lunditude »- 21.0%(Fi/180.,0)

THEN GridZuneilumiey» ¢
ELSE GridZuneNuawisee $:

IF (GridZonealindex
(GridZuneilumbe

THEM XF Lons€iiude

-
o
-
2

[A A ]

;
~-232) AND

- 36) -
Hi 33.0%{P1/180.0)

THEN GridZounelNuwirer - 37
ELSE BridZuneNawbaere 2 357

(AEGr idZunurtumiber-183) k(P i/130,0)

PROCEDURE BTG riliZonelBunwepastion

Ceonteriferidion
ot
i HONDULE BTGZIOG
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100 { 3
200 FROGRAM DRVGZGR ( IRNFUTsOUTFUT )3
300 { >
400 { FROGRAM DRVGZBR rruvides o« bLeswt driver coeretilivs Tor Lewtiong ¥
300 £ GrivdZoneSenwrshivn rruovwduares Tur GUARTDRATIL., ¥
700 { >
800 TYFE
900 llesreesRexsl = Reald
1000 DadrecesInteder - INTEGERS
1100 ZoneRande = 1..40%
1200 Letiers E A
1300 VAR
1400 Londitude ¢t DedreesReelsd
1300 Lsilitude ¢ DedreesRueals
1600 GridZoneNumber v ZuneRonsged
1700 GvivZonwleiler v Lobtherss
17250 centermeviviun ¢ odedreesinbesier?
1300 { >
19200 FROCEDURE GRGrivZunelBeierabiun
2000 (<OQUTY> lundiLude ¢ DudreewRizsls
2100 {0UTY> Laitliude t TivgrewseRuecld
2200 {IM ¥ VAR GridZunwNuwmber s ZunuRasinied
2300 {IN > VAR GridZonelei ey ¢ Letiberaesd
2400 {IN > VAR Cunitmeidueriidiian ¢ ButrewuTnvede ) SERTRERNS
2500 { ¥
26903 { PROCENURE GRGridZuonelBunvrstiuvg wmudely i SUARTRATL conversiung
2604 { of Heodrarhic cuurdineies Ltu Univerusel Trensverse Hercatur >
2606 { (UTH) vcouurdinasies deid cone desidnstur ndmnery lobier g Liee >
2608 { central muridian of Lhe reviangle, >
2900 { by
3200 BEGIN
3300 < ’
3400 WRITELM (’ ENTER Lumnéilode’)s
3300 READLN ( Lunsgi Lude )3
3400 WRITEILLM (’ EMTER Latitudu’ )y
3700 READLN (Labilude )}
33800 BRGridZonelbenzrastion { {OUTY Lundituduslstibuwiery
3200 i LIN ¥ osrvideuvnvnumbersdrideuneloeuvioey
39230 Cufibny rmer e Lo Losn ) ?
4000 WRITELNS
41060 WRITELN ¢’ GridZounelumber 1w “sGridZunelomiv: )3
4200 WRITELNS
4300 WRITELN (’ GridZuneletivr 34 “sGridZuncheitee o3
4400 WRITELNS
4500 WRITELN (’ Cenitervieridian 19 “sGunbuerieraidien )
4550 >
4400 END. { of FPROGRAM TIIRVGZGR >
30-19
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100 { r
200 MODULE GRGZIG ( INFUT»QUTFUT )3
300 { b
400 TYFE
500 DedreesRegsl = REMLS
600 DuedreesInieder - INTEGER;
700 ZoneRande = 1..60%
} 800 Letiers C AT TS
900 { ¥
1000 FROCEDURE GBRGvidZunelSenwrastion
1100 ({IN > Longitude ¢ DedrevreRuslsy
1200 {IN ¥ lLstitude ¢ UuedruruResls
1300 {0UT> VAR GridZunelumber t ZunweRanzies
1400 LO0UTY VAR GridZunelevier v Lutherss
1500 {0UTY VAR Cunterferidien ¢ DedreesTutedger)s
1600 { >
1700 { FROCEDURE OGRGridZunelener :Liuvh mudels Lie GUARTRAIL cuonversiuvnd
1800 { uf deogdeadrnic coordinaeilzy Lo Undvarssl Tronoverse Mecusbor b
1900 { (UTM) coordinsies - d¢rid cone desiductor numibers Jebboes gied >
2000 { the cenbral weridisn, ¥
2100 { >
2200 { FPROCEDURE GRGridZunelBunuersiiuvg is ruelferenved byl >
2300 < FROGRAH DRYGZGR r
2400 { b
2500 { PROCEDURE GRGridZunelunierusbivt mahes nu refereiicess ¥
2600 { >
2700 { This rrocedure DOES ROT rerifurm ohy dote velidily chiechs >
2800 £ thaet ave nol = licibly seecitiod 1 Lhe olbdueitho ¥
2500 { descrirstion, This is tu «lluw Line cluuritim feciures Lo Liv >
3000 { rerFr29eniod wore cluesrly, >
3100 { ' b
3200 TYFE
3300 Letlervs CEE N A i 1
3400 IndexRande I IR X :
33500 { > i)
3600 VAR ¥
3700 GridZonelirbliut + NRRAYL1.,.240 OF LETTERSS
3800 Gridluneliniex + TidenRainied i
3960 { ¥ '
4000 BEGIN '
4100 { Initialize allowsble cilcracbors sersy > i’
4200 - < 3
4300 G6ridZonelLivliovl T13 HEM
4400 GridZonel tellisy {21 + -’87
4500 GridZuneltrlist [323 HE R 4
44600 GridZonelirliost £4] MR { R ;
4700 GridZoneltrbLictl [G3 HES i
4300 GridZovel trlLisi, 63 =F’5 ;
4900 GridZunelivblist [73 HE I £ ] i
3000 GridZon=ltrLiat [3] HEERE -
5100 GridZonel. trLicet C£71 I i
5200 GridZonel Lelliui £103 t-RE
9300 GridZunel trlist C111 e=L
5400 GrivdZunet.bebinte L1231 HEERG S
5500 GridZounel LrLiwl CL1327 HERS A |
S600 GeridZunel . LrLivt £143 P
59700 GridZuneliurliesl [135] HE R
5800 GridZuonel telint £163] t-'R'%
5900 GridZouneL LyvLiwt 171 HE
6000 BradZouneltelliut £133] t-'Ts
6100 GridZuneltrli=t [19] HET LR )
6200 GeidZunel.beLiosv T20] HECRA R | s
6300 GridZunelirvl.ict 212 HE RS TR

Jo -30

ey M Ly
ed vy VI




6400
6300
64600
4700
6800
6700
7000°
7100
7200
7300
7400
7500

{
END
{
END.

GrivZuneblbelliny [223 PRI

GridZunebtrLici L[232 I

GridZunebtrllive £243 R A

GridZuneNumber t = TRUMC (3107l unbitunue/s,977

GridZonelndes ¢t TRUNC (13.0+<{Lobituiu/B8.0%) 94

GridZoneletibvr 3¢ GetdZunelbell i 0B v 1dTune Tinden 35

CenterMeridien - 8%xGrivZuneRumiber-183

>

{ of FROCEDURE GRGriliZunelBunerasiiun >
{ of MOLULE GRGZIG *}

et e e o e = — i

o e e =

20—3/
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